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PREFACE. 



JlN otwithstanding the many publications which 
I hd,v6 appeared on Mathematical fubjeds, and the 

^ great improvements that have been made in every 
^ department of the fcience, a general treatife; on a 

'^ cheap and accurate plan, feems as yet to be a defi« 

deratum. Volumes have been wrote, not only upoa 
every branch, but even upon particular parts of eve- 
ry branch. Thefe are more particularly adapted to 
the learned, and cannot all be purchafed but at an 
extraordinary expence. This inconvenience has no 
lefs been felt by thofe who have undertaken the 
charge of teaching, than by their pupils. 

It muft be very difagreeable to a teacher, before 
he can lead a clafs through a courfe of Pradlical Geo- 
metry, to make the Undents puxchafe a number of 
volumes on detached parts of the courfe : It is no 

b lefs 



vi PREFACE. 

lefs pcFplexing to a fcholar to read them in order to 
retain what has been taught : Not to mention that 
the books fo purchafed may have a very different 
mode of exprefling the fame thing, which muft ftill 
cncreafe the perplexity. 

The author has frequently found, from his own 
experience, as well as from the report of others, that 
treatifes of this nature afford but imperfed materials 
for the exercife of youths Hence teachers are under 
the neccflity of inventing what they efteem a pro- 
per fet of^exercifes ; and to this circumilance rnufl; 
we chiefly afcribe the abfurd cuilom adopted by fome, 
viz, that of teaching in their own way. ^ 

With a view to obviate this inconvenience j to 
furnifli thofe who incline either to teach or learn 
practical Geometry, with a fyftem at once full and 
complete, for every purpofe in ordinary life ; and 
to afford them this advantage at an eafy rate — the 
following treatife is refpedfuUy fubmitted to the at- 
tention of the Public, And, as the author has had fon^e 
years experience, of its utility and convenience in the 
courfe of his pradice, he thinks he can, with fome 
degree of confidence, recommend it as the only trea- 
tife 
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tife that has yet appeared proper for being taught at 

* 

academies and fchools, the ingenious Dr Hutton's ex- 
cepted. But though this work is excellent in its 

4 
t 

kind, its high price prevents its being generally ufe- 
ful ; — an objedion which, it is hoped, the following 
treatife will entirely remove. 

The author is confcious that there can now be but 
few claims to originality; yet he flatters himfelf 
that, even in this lefpecft, he will not be found en- 
tirely deficient. 

The arrangement is fuch as feems beft calculated 
for inftrudlion — ^beginning with the fimple rudi- 
ments, and, by gradual and eafy fteps, proceeding to 

that which is more complex, in fuch order that what 

« - 

is prior paves the way for what is to follow. The 
greatefl care has been taken to feleft the moft im- 
portant articles, and to introduce every neccfiUry in- 
formation, in fo far as regards Menfuration. 

To fome of the. problems two or more rules are 
annexed, and an example wrought at large to each, 
in fuch a manner as to be intelligible to the moll or- 
dinary capacity ; and, for cxercifc, copious fets of 

' uuwrought 
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unwrought examples^ with their anfwers, are infert- 
ed ; aad, in order to render this work ftill more ac« 
ceptable, a great variety of mifcellaneous queilions, 
with their anfwers, are propofed, as a general exer« 
cife and conclufion to the work. 

Upon the whole. It is hoped that, by means of 
the prefent treatife, the bufinefs of teaching and 
learning the pradical part of Mathematics will be 
attended with lefs trouble and expence than former- 

It- 
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GEOMETRICAL DEFINITIONS. 



i. A. POINT is that which has no parts, ticither length, 
breadth, nor thicknefs. 
• a. A line is length, without breadth or thicknefs. 

3. A furface, or fuperficies, is that which has length and 
breadth, without thieknefs. -- 

4. A folid is that which has length, breadth, and thicknefs^ 

5. Points are the extremities of a line. 

6. Lines are the boundaries of a fuperHcies* 

7. Superficies are the boundaries of a foiid. 

8. A ftraight line lies evenly between its extreme points. 
See plate l*^g* I* ^ 

9. Parallel lines are fuch as are in the fame plane, and keep 
the fame diftance, though produced ever fo f^r. 

10. An angle is the inclination of two lines of different di-* 
re£iions, and meeting in a point. See plate ij^g* 2. 

N. B. When two lines, AB, and BC, meet in any point, 
B, the angle, may be exprefled by three letters, putting 
B, the letter which is at the angiilar point, between the 
other two, thus : ABC, ot CB A^ 

11. When one ftraight line falls upon another ftraight line, 
fo as to make the adjacent angles equal to one another, each of 
them is a right angle and the ftraight line which falls upon* 
the other is perpendicular to it. See plate i*Jig. 3. 

1 2. An angle which is' lefs than a right angie, is called an 
acute angle, ^ee plate i-fig- 4. 

13- 



a ' GEOMETRICAL DEFINrnONS. 

13. An angle which is greater than a right anglcj is called « 
an obtufe angle. Plate i^fig* 5. 

14. A figure is that which is inclofed by one or more boun- 
daries. 

15. A triangle is bounded by three ftraight lines* 

16. Quadrilateral figures are bounded by four ftraight lines. 

17. Polygons are bounded by more than four ftraight lines. 

18. An equilateral triangle is that which has all its fides e- 
qual. Plate !> fig* 6. 

19. An ifofceles triangle is that which has two of its fides 
equal. Plate i»fig' 7. 

20. A fcalene triangle is that whofe fides are all unequal. 
Plate I. fig. 8. 

ar. A right-angled triangle is that which has one right angle. 
Plate I'fig' 9« 

22. The longeft fide of a right-angled triangle is called the 
hypothenufe. 

23. An acute angled triangle is that whofe angles are all a- 
cutc. Plate I. fig. lo. 

24. An obtufe angled triangle is that which has one obtufe 
angle. See plate i*fig* 11. 

25. A Square is a figure whofe fides are equals and all its 
angles right angles. Seep/ate i.j%. 12. 

26. An oblong is that whofe 'parallel fides only are equal, 
and all its angles right angles. Plate i.fig- 13. 

27. A rhombus is that which has all its fides equal, but its 
jangles not right angles. Plate i-fig' 12. 

28. A rhomboid is that whofe oppofite fides only are equal, 
but its angles no( right angles. Plate i*fig* 13* 

29. A trapezium is a four-fided figure, which has none of ^ 
its fides parallel. Plate i.fig- 14- 

30. A trapezoid is a quadrilateral figure, with two of its 
fides parallel. Plate i-fig* i$* 

31. A diagonal is a ftraight line, which joins any two oppo- 
fite angles of a quadrilateral figure. Plate i*j%* 16. 

32- A 



GEOMETRICAL DEFINITIONS. 3 

32. A circle is a figure bounded by one curve line, which is 
called the circumference. Plate i.Jig^ 17. 

33. The centre of a circle is a point A, within the figure, 
equidiftant from every point in the circumference. 

34. The radius of a circle is the diilance between the centre 
and circumference. 

J5. The diameter of a circle is a (Iraight line drawn through 
the centre, and terminated both ways by the circumference. 
A is the centre. 
AB the radius. 
CD the diameter. 
Note^ The diameter is equal to twice the radius. 

36. An arch is any part of the circumference. 

37. The chord of an arch is a ftraight line, drawn between 
the extremities of an arch. 

38. The fegment of a circle is that fpace contained between 
the chord and arch of the fame circle. 

39. A regular polygon is that whofe fides are all equal. 

40. An irregular polygon is a figure whofe fides are not all 
equal. 

41. Polygons receive names according to the number of 
their fides and angles. 

Thus, A trigon has 3 fides. 
A tetragon 4 . 
A pentagon 5 
A hexagon 6 
A heptagon 7 
An o£^agon 8 
An eneagon 9 
A decagon 10, &c. 

42. A mixed angle is that which is formed by one curved 
line meeting another (Iraight line. 

43. A curve-lined angle is that which is formed by the 
meeting of two curved lines. 

A 2 GEO- 
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GEOMETRICAL PROBLEMS. 



I. To make an Equilateral Triangle upon a given line AB, 

FROM the centre A, at the diftance AB, defcribe an arch| 
and from the centre B, with the fame radius, defcribe another 
arch, cutting the former in C; join CA and CB. Plate i. Jig. i%. 

PROBLEM II. 

To bifeSf any given line AB into two equal ptrts. 

Upon B for a centre, with a radius more than the half of 
AB, defcribe an arch ; and on A for a centre, with the faiqe 
Tadiu3, defcribe another arch, cutting the former in the points 
C,D : Join CD, and CD wiU bifcft AB in the point E. Plafe 
2. Jig- 19. 

PROBLEM IIL 

To ereSl a perpendicular from a given point A, in a given line AB#. 

UPON any point, C for a centre, with the radius CA, de* 
fcribe a circle, cutting the. given line alfo in D ; draw the dia- 
meter DCE, and join EA 5 then fliall EA be the perpendicu- 
lar. Plate 2* Jig. 20. 

pRa 



GEOMETRICAL PROBLEMS. 5 

PROBLEM IV. 

,"7i ereB a perpetidicular from a given point A, in a given line AB, 

another way. 

FROM the given point A, with any radius AC, defcribe an 
arch| (cutting the given line in C ; from C, with the fame ra- 
dius, cut thp former arch in D and E ; and upon thefip points 
as centres, defcribe arches cutting in R ; join R A, and it will 
be the perpendicular required. Plate l*fig* 2i« 

PROBLEM V. 

From a given point C, to drop a perpendicular upon a given line AB« 

On C, the given point, a$ centre^ with any convenient d^ 
ftance, fweep an arch, cutting the given line in the points 
D,E ; and from thefe points, with any radius more than half 
their diftance, defcribe arches cutting each other either above 
or below the line ; join the point of interfedion and C, and it 
will be the perpendicular. Plate 2* fig. 2%* 

PROBLEM VI. 

JTo HfeB a given angle ABC 

From B the angular point as centre, defcribe an arch cutting 
the containing fldes in D,F; on D,F for centres, defcribe arches 
of equal radii, cutting each other in £ \ join BE, which will 
MfeQ the angle ABC. Plate 2>fig* 23. 

PRa 
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PROBLEM VIL 

To trifeB a right angle ABC, 

FROM the angular point B, with any radius defcribe the 
ttrch AC ; from C as centre, with the fame radius, cut the arch 
AC in D ; and from the centre A, with the fame radius cut . 
the arch AC in E ; then join DB, £B, and they will trifeft the 
angle. Plate 2. fig* 24* 

PROBLEM VIIL 

To draw a line parallel to a given line AB- 

» 

FROM any two points, D and E, defcribe arches of equal 
ladii ; draw CF to touch thefe archeS| and CF will be parallel 
to AB. 

PROBLEM IX. 
7o divide a line AB into any number of equal part ft 

■ 

LET it be required to divide AB into feren equal parts, from 
A draw AD at any angle ; and from B draw BC parallel to AD. 
On each of thefe parallel lines lay off as many equal parts as AB 
is to be divided into : Join the oppofite points of divifion by 
ftraight lines, pnfling through AB, and they wiU divide AB as 
required. Plate 2*Jig* 26. 

PROBLEM X. 

To find a fourth proportional to three given lines. 

MAKE any angle ABC : Set off the firft term from B to D, 
the fecond from D to A, the third from B to £ -, join DE, and 

through 
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tlirough A draw AC parallel to D£ ; then EC will be die 
fourth proportional required. Plate 2* fig* 27. 

PROBLEM XL 

To find a mean proportional between two given linfj^ AB, BC 

MAKE AC equal AB>J<BC -, \AkGt the line AC in the point 
D^ with the centre D, and radius DA) or DC^ defcribe the fe« 
micircle AEC ^ erc£k the perpendicular BE^ and it will be the 
mean proportional required. Plate 2.figl 28. 

PROBLEM XIL 

?i mate a triangle with thtee given lines ^ AB, BC, CA- 

TAKE any line AB for the bafe line ; on the centre A, 
with the radius AC, defcribe an arch ; on the centre B, with 
the radius BC, defcribe another arch, cutting the former in C; 
join CA and CB, and ABC is the triangle required. Plate 2. 
fig. 29. 

PROBLEM XIIL 

yi meafiire any given angle from a line of chords,^- 

FROM the angular point A, with the chord of 60® for a 
radius, defcribe an arch cutting the containing fides, produced, 
if neceflary, in the points D,£ ; take the diftance DE in your 
compares, and apply ic to the line of chords. Thus the quan- 
tity of any angle is obtained. . " ./J //*/ » 't 

. Notej When the angle to be meafured is obtufe, it mud be 
taken off at twice. Thus, let the angle be 1 20® ; firft take 
90** and 30°, or 60° and 60% either of which will do. 

PRO. 
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PROBLEM XIV. 

to make an angle of any propofid number of degrees^ nvitb a givitt 

line AB. 

WITH the centre A, and radius 66^ defcribe an arch, cut- 
ting AB in C ; then take the propofed number of degrees in 
your compares, and with this for a radius and centre C, de- 
&ribe another slrch, cutting the former in D ; join AD, and 
the thing is done. See Jig. 30. plate 2» 

PROBLEM XV. 

Upon a given line AB, to defcribe a fquare. 

UPON the point AB ere£l a perpendicular AD, equal to 
AB ; from the centre B, with the radius AB, defcribe an arch ; 
and on D as centre, with the fame radius defcribe another arch, 
catting the former in the point C \ join DC and BC, and it 
is done. Seefg. 32. plate 2. 

PROBLEM XVL 

To defcribe a parallelogram of d given length and breadth. 

Make BC petpendicular to AB ; upon A, as centre and ra-* 
dius BC, defcribe an ar(£ ; with the centre C, and radius AB, ' 
defcribe another -arch, cutting the former in D $ then join DC 
and DA and it is done* Seefg. 3*3. plate 2* 

• PROBLEM XVir. 

To defcribe a circle in a given triangle, ABC* 

BISECT any two of the angles with the lines AD and BD j 
from D drop a perpendicular DE^ upon any one of the three 

fides : 
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Sicles ; then upon D f or a centre^ and radius DEj defcribe ^q 
circlC) and it is d6ne. Tlateji.fig* 34. 

PROBLEM XVill. 

AhotH any given triangle to defcribe a circle. 

BISECT any two fides, BA, BC, by perj^cndiculars, M, 
bF, with the centre D, and radios equal to the diftance of 
any one of the angles, defctibe a circle. Plate '^^fig' a* 

% 

Problem xix. 

To defcribe a circle in or about a ^veft fquare. 

* 

!DR AW two diagonals to ^e given fquare ; at the interfec« 
tion D drop a perpendicular DE ; on D as centre, with the ra* 
dius DE^ defcribe a circle for the infcribed circle ; on D as 
centre, with half the diagonal for the radius, defcribe anothet^ 
for the circumfcribed circle. Plate 3.^. 36^ 

■ 

PROBLEM XX; 

To defcr^e a ffuare in or about a given circle. 

DRAW two diameters, A^^ CD, at right angles to each o- 
ther ; join their extremities for the infcribed fquare ADBG, and^ 
^t the angular points of the infcribed fquare draw tangentSf 
and they will form the circumfcribed fquare, abed. Plate js^* 
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PROBLEM XXI. 

7!? difcribe -a -circle through three given points , A^B^C^ which Oft 

not in the fame ^raight line. 

JOIN the middle point to the other two ; bife£t their diftan* 
ces perpendicularly by ftraight lines meeting in D ; then with 
the centre D, and diftance of either of the three gtyen points 
as radius^ defcribe a circle^ and it (hall pafs through A^B|Ci 
Plate I. fig. 38^ 

PROBLEM XXII. 

Afegment of a circle being ^iven, to defcribe tie circle of V)hich it 

is the fegment. 

Draw AC the chords and bifed it at right angles by BD \ 
then join AB, and make the angle BAD equal to the angle 
ABD ; draw AD, then with the point D as centre, and radiu$ 
DA, DB or DC, defcribe the circle, and it is done. Plate ;)♦ 
fig. 39. Or, take any three points in the fegment, and bifedt 
their diftances, and the bifedling lines will interfedl each other 
ia the centrci as in prob. 2i. 

I>ROBLEM XXIII. 

Ji defcribe a paralklogram that Jhall be equal to a given triangle^ 

ABC. 

VikOi BC in E ; joui A£, and draw CD equal and parallel- 
to AE ; then join AD, and AECD is the parallelogram requir* 
ed. Plate 2' fig' 40. 

PRO- 
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PROBLEM XXIV. 

To mate a triangle equal to a given trapezium, ABCD.. 

Draw the diagonal BD, and through C draw C£ parallel to 
BD, and meeting AD produced in £, join BE \ and the tri- 
SLOgle ABE is equal to the trapezium ABCD. Plate l^fg* 41-^ 

PROBLEM XXV. 

7!? make a triangk equal to an irregular polygon, ABCDE. 

' Draw the diagonals, CA, CE, through B,D ; draw DG and 
BF parallel to them, meeting the bafe AE, produced both ways 
!n F and G $ join CF and CG \ fc^ Oiall the triangle FCG be 
<qual to the giycn figure ABODE, Plate 2'J^g* 4^. 
I 

PROBLEM XXVI. 

Stf divide the area of a given circle int^any number of equal parts y 
by concentric circks, fl^ppofe into three equal parts. 

Divide the femidiameter AC into three equal parts, in the 
points aj) \ alfo bife£b AC in the point x \ and upon x as 
centre, with the radius Ax, or xC, defcribe the femicircle 
AabC ; and through the points of divifion ajb^ ere£t perpen- 
diculars to meet the femicircle in a, and h ; then, on C as cen-. 
tre, with the diftances k^ia, defcribe ciiH:les, and it is done. 
plate -^fig. 43^ 

PROBLEM XXVII. 
The fundamental projeEHon of the diagonal fcale, 

■ 

Draw a line AE, of any convenient length \ divide it into 
\% equal parts ; complete thcfe into parallelograms of a conveni- 

B 2 cnt 



iz OEOMEimCAL PROBLEMS. 

cnt height, by drawing parsillel lines ; diyide the altitude o^ 
thefe re£langles into ten equal parts, and, through each of thefe 
parts, draw parallel lines the whole length of the fcale.. Di- 
vide the firft diviiion AB into ten equal parts, alfo CD into as, 
many, and connect thefe ppiuta of divifion by diagonal lii^es^ 
and the fcale is finiil\ed. 

In taking meafures from the diagonal (bate— ^If the large di- 
yifions be reckoned units, the fmall divifions from A to B will 
be decimals. If the great divifions be lo, each of the fmall 
divifions is an unit \ and if the great divifions be loo, then^each, 
of the fmall divifions is lo, and each divifion in the dtitude is 
^ unit. 

If it wcte required to take off* 456 from the fcale \ with one 
foot of the compafles on 4, extend the compaifes till you h^ve 
4 of the great divifions and 5 of the leiTer ; then Aide up your 
cohipafies with a parallel motion till you come to 6 on the pa-t 
xallel lines^ and you have the extent required. 

PROBLEM XXVin. 

The cppfiruB'ton of the lint of chords y/mes, tangents ^ andfecantt^ 

About the centre C, with any cpnvenient radius *,, defcriba 
the fcmicirclc ADBj ere^ the perpendicular CF, which will di- 
Vide the femicircle into two quadrants, viz. AD, BD : divide 
the quadrant DB into nine cqi^^l parts, and upon the ppint B 
cretl a perpendicular BT, then draw AD and BD. 

On B as centre, transfer each of thefe divifions in the qua^- 
drant DB, to the ftraight line BD ; then is BD a line of chords.. 

From the points 10, 20, 30, &c. in the quadrant BD, drop. 

perpendiculars upon the diameter AB j transfer the perpendi-. 

CVl^x^ 
* The drgiccs are numbered from B to D«^ 
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fulars to DC i fo (hall DC be a line of fines, and CB a line of 
Terfed fines. 

From the centre C, draw ftraight liner through each divifioi^ 
in the quadrant BDj to meet the tangent BT ; fo iball BT be 
a line of tangents. 

From the centre C, with the diftances of each of the li|ies 
which meet the tangent, fweep arches to cut CF ^ then (hall 
CF be a line of fecant$^ 

If from the point A ftraight lines be drawn to the feveral dr- 
Tifions in the quadrant DB, they will divide the radius CD in^ 
to a line of femitangents. 

Again— Divide the quadrant AD into eight equal parts, an4 
from A, transfer the divifions to the line AD j then fhall AD 
become a line of rhumbs, each diviiion anfweiing to a poinc of 
the mariner's compafs* 

PROBLEM XXIX. 

Tte oflgleSy and one kg of a rigbt'angUd triangle being giveHy t9 
conftruB the figure^ and find the other leg. 

f Angle A=r3o*' 40'! 
Given < Angle C=59® 20' > Required BC. 
^ AB=jco 3 

From the diagonal fcale make AB 300 ; upon B ere£l a per»> 
pcndicular of an indefinite length y and at the point A make 
an angle oi 30** 40' \ then draw the line AC, and it is done. ' 
If the angle at C be meafured, it will be 59"* 20' ; and if the 
leg B C be applied to the fame diagonal fcale from which ABi 
was t^enj it viil mcafure 177.9.. Plate yfig. 43. 

■ 
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PROBLEM 3XX. 

7%/ hypoihenufe and all the angles bekig given^H Jind the legs^ 

i AC=56& 7 

Given \ Angle A=39*' 14' > Required AB, and BC 
^ Angle C=5p° 46'3 

Draw the line AB of an indefinite length, and draw AC e?^ 
qual 568, making with AB an angle of 39^ 14' ; and from C 
drop a perpendicular, cutting the bafe in B, and it is done : 
For if angle C be meafured from the line of chords, it will mea- 
fure 50° 46' ^and if AB be meafured from the fame diagonal 
icale, it will oieafure 440, alfa BC 359.:(. Plate I'fig* 44. 

PROBLEM XXXI- 

Xbe ituo legs of a right-angled triangle beeng given ^ to find the acuit 

angles J and the hypothenufi. 

Given /AB=isol Req. angle A, angle C,. 
'^^^"lBC=i6oj:andAC. 

From any diagonal fcale, draw AB=^i5o, and from the fame 
fcale draw BC perpendicular to the former = 160; join AC, and 
the triangle is conftrufled : for if angle A be meafured from aline 
<Kf chords, it will be 46** 51';. alfo angle C 43^ 9' ; and AC will 
be 219.3 equal parts. Plate ^•fig' 45* 



PROBLEM 

TXtf hjpothenufe and one of the legs being given^ to find the aeute 

angles and the othef leg. 

Giv^n 4 jjcZ'qq f Required ang* C, ang. A, and AB. 

Draw 
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t)raw the bafe AB, upon B ctefk the perpendicular BC e» 
^al 69 ; take 150 from the fame fcale, and with the centre C^ 
and radius 150, describe an arch to cut the bafe in A ; join 
AG^ and it is done : For angle A will meafiire 27° 23'> and 
angle C 62^ 37'« and the bafe BG 233 equal parts. Flat^ 3^ 
i!g. 46. 

^ PROBLEM XXXin. 

dven tw6 angles of an oblique angled triangle^ andtheftde oppoftie 

to one of them ; tojind the other fides* 

fAngleC52° 15'! 
Given < Angle A jp^ > Required AC an«l Ba 
(A B 276.5 3 

l^ind the fupplement of the fum of the two given angles^ 
Aus: S9'^o' + 52° 15=111^ 15'. 

And from 180° fubtradi iii° 15', the remainder will be, 
^8° 45'; then draw AB equal 276,5: Draw AC, making 
angle A 59°, and from B draw BC, making angle B 68^ 45% 
and meeting AC in the point C, and it is done : then (hall AC 
tneafure 325^, and BC 299.7. ^^^^^ 2*fis* 47* 



PROBLEM XXXIV, 

Tnvofides of an oblique angled triangle^ and the angle oppo/ite to one 
of them being given, to find the other angles and the third ftde. ^ 

SAB=2(J 1 ' 

AC=: 39.42 > Required ang. A ang. C and BC 
Ang.B=9iOi5'3 

Draw the bafe AB equal 26, and at the point B make an 
angle of 91^ 15' by BC; then on A as centre, with the ra- 

dioa 
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dius 39*429 defcribe an arch cutting BC in C^ and Join Ad^ 
and it is done. 

So {hall angle A meafure 47° yij and ang^e C 41° 1$' ; alfo 
BG 29.07 equal parts. Plate z*fiZ' 4^- 

iPROBLEM XXXV. 

^woJideSf and the coMained angle of any triangle being giveh^ i9 
find the remaining angles y and the third fide. 



r AC=6b 
\ BC=i 



Given < BC=5o \ Required ang. A ang. B and ABi 
^Ang. C=45"^ 

Sraw AG equal 60, and BC equal 50 equal |)arts, meeting 
in G at an angle of 45° ; then join AB, and it is done : For 
if you take AB In yodr compafles, it will meafure 43.1 on the 
fame fcale of equal parts \ alfo angle A will meafure 55° ']\ 
and angle B 79^ 53'^ from the line of chords. Plate ^'fig* 49 
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LOGARITHMS. 



JLoGARrrtlMS are a fet of artificial numbers, and may U 
confidered as the indices of a feries of Geometrical proportion- 
ab, and are fo related t6 the Natural numbers, that the addition 
of Logaridmis is equivalent to the multiplication of the corre- 
fponding numbers ; alfo, the fubtra£lion of logarithms is the 
fame as the divifion of the correfpondihg numbers ; their dif* 
ference being the logarithm of the quotient. 

Here it may be obferved, that common numbers are a feries 
whofe differences arc equal \ fuch as, 2,* 4, 6, 8, 10, &c. where 
the common difference is 2, and are called a feries in arithme- 
tical pirogreffion. 

Alfo a feries of numbers whofe ratios are eiqual, are called 
a feries in Geometrical progreflion \ fuch as, 2, 4, 8, ^6, 32^ 
<54, &c. the conmton ratio being 2. 

The following table wttl, in fome meaftire, ilhiflirate the{a 
general obfervationi)* 

Notij Column A is a feries in arithmetical pf ogrefBon ; tl^ 
other columns are in Geometrical progreflion, tlte common ra- 
tios being 2, 3, 4, 5, to. 
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TABLE. 



A 




J 


\ 




• 


B 


G 


D 
I 

4 
16 


£ 


F 


o 


I 

a 


I 
3 


I 


I 


I 

2 


5 


10 


4 


9 

27 


25 


100 

■ 


3 


8 


64 


125 


1000 


4 


l6 


M 
243 


256 


625 


1 0000 


5 


S2 


1024 


3"S 


IQOOOO 


6 


64 


729 

2187 


4096 
16384 


•S^as 


1000* OP 


7 


128 


78125 


lOOOOGOO 





Now, let it be required to multiply 9 by 81, the produ£l will 
be. 729. 

The terms in column A, correfponding to the fa£tors, arc 
2 and 4 ; and which being added together, will give 6 ; over 
againft 6 in column A, is 729, the produ£l in column C. 
" Again— rLet it be required to divide 78125 by 125, the quot 
will be 625. By the table it may be performed thus : Find the 

numbers 
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numbers in column A, anfwering to 781259 the dividend, and 
to 125 the divifor (both in column E) ; fubtraft the leffer from 
the greater, and over-againft their difference in column A is 
625 the quotient in column £. 

By extending the foregoing table, many operations, both irt 
multiplication and divifion might be facilitated, provided the 
fame numbers occur in the table ; but as this feldom happens, 
the ufe of fuch a table will be confined to a few inftances. In 
order, therefore, to extend its utility, we ihall flicw a method 
by which this inconveniency is removed* 

There was a method formerly in ufe in maLing logarithms : 
The firft inventors chofe a fct of numbers in arithmetical pro- 
greiBon, that fhould anfwer lo a fet of geometrical ones ; (this 
is entirely arbitrary ;) and they chofe the decuple geometrical 
progrfeffion as the moft convenient, correfponding to the arith- 
metical feries i, 2, 3, 4, 5, 6, 7, &c., as the fimplcft, whofo 
common difference is, i. as follows : 

Arith. progrelTion, or log. o, i, 2, 3, 4. 
Geo. prog, or numbers i, 10, 100, 1000, loooo. 

Hence it appears, that the logarithm of i is o, of 10 is i, of 
100, is 2, &c. : but fcvcral numbers may be inter pofed between 
each of thefe ; for, between i and 10 are 2, 3, 4, 5, 6, 7, 8, 9; 
to them alfo might indices be adapted, fuited to each term be- 
tween I and ro, confidered in geometrical progrefTion. Like- 
wife indices may be found to each teim interpofcd between any 
two terms whatever, in geometrical progrcflTion. 

It is plain, that the indices to all the numbers under 10 is 
Icfs than i ; that is, they are fo many decimal parts ; likewife, 
that the indices of numbers between 10 and 100 are i of an' 
integer, and fo many decimal parts, and fo on of numbers 
greater than 100. 

The integral part is commonly called the index, and the de- 
cimal part the logarithm. 

C 2 But 
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But fince the above method is fo intolerably laborious, the 
more learned mathematicians have thought of a more cpmpen- 
dious one, by the menfuration of hyperbolic fpaces, con- 

« 

tiiined betwoen the portions of an afyipptote, and right lines; 
perpendicular to it and the curve of an hyperbola ; but fuch 
computations depend on principles that require the higher parts 
of Geometry, and cs^nnot, therefore, according to our plan, be 
introduced here. 

We (hall fubjoin the procefs for obtaining the logarithm of 
9> a9 derived from progrcippQ, 



C^ 
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A 
C 
B 



B 
D 
C 

B 
B 
D 

B 
F 



B 
G 



F 
H 



H 



H 

K 
I 

H 
L 

\i 



H 
M 



Geo. fro. | Log, 



I.OOOOO 

3.16228 
10.00000 



0.00000 
0.50000 

I.OOOOG 



1 0.00000 

5.62341 

3.16228 



I.OOOOO 

0.75000 
0.50060 



10.00000 

7.49894 
5.62341 



I.OOOOO 

0.87500 
0.75000 



10.00000 
8.65964 

7.49894 



1.00000 

0-9375P 
0.87500 



1 0.00000 
9.30572 
8.65964 



I.OOOOO 

o 96875 

0.93750 



8.65964 

8.97687 

9.30572 



8.97687 

9.13982 

9.30572 



8.97687 

9.05798 

9.13982 



8.97687 

9-01733 
9.05798 



8.97687 
8.99708 

901733 



0.93750 
0.95312 
0.96875 



0.95312 

0.96094 
o 96875 



0.95312 

0.95703 

0.96094 



0.9531a 

0.95508 

0.95703 



0.95312 
0.95410 

0.95708 
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L 

M 
O 

N 

M 

P 

O 

P 

8J 

P 

R 



P 
S 
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S 
T 
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S 
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8.99708 
9.00720 
9.01733 



8.99708 
9.00214 
9.00720 



8.99708 
8.99961 
9.0P214 



8.99961 
9.00087 
9.00214 



8.99961 

9.00024 
9.00087 



8.99961 
8.99992 

9.00024 
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-% 



0.95410 
0.95459 

0.95508 



0.95410 

095435 
0.95459 



0.95410 
0.95422 

0-95435 



0.95422 
0.95428 

0-95435 



0.95422 
0.95425 
0.95428 



0.95422 
0.95424 
0.95425 



8.99992 
9.00008 
9 00024 



0.95424 

o-954?5 
0.95425 



8.99992 0.95424 
9.00000 0.95424 
9.00008 095424 



Here 
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Here becaufe the 9 lies between i^A^ and io*B, find a mean 
proportional C between them» and the logarithm of the fame, 
is half the fum of the two laft logarithms. In like manner^ is 
found, a mean proportional D between B and C ; likewife the 
logarithm of D is half the fum of the logarithms of B and C ; 
fo in the 18 th ftep of this proqefs, the logarithm of 9, is found 
to be 0,954242. 

When the logarithms of prime numbers are thus calculatedy 
the bufinefs becomes eafier ; for the logarithms of compofite 
|iumber& may be obtained, by adding the logarithms of their 
component parts. Thus, the logarithm of 15 may be found, 
by adding the logarithm of 3 and 5 together; for 3+5=15, 
5ind fo on of any other compofite number. 

The logarithms of roots are raifed to any given power, by 
multiplying them by the exponent of the power, £^ vice verfa. 



PROBLEM I. 

T^ofind the logarithm of any given number from the tables. 

IT is ufual to divide logarithmic tables into 10 columns : Inth© 
Jcft hand cplumn, are the natj^ral numbers between 100 and 
1000, and at the top and bo3om are marked, o, i, 2, 3, 4, 

5> ^> 7* 8, 9. 

If the natural number is lefs than 100, its logarithm is found 

, in the firft page. If it exceed 100, and is lefs than 1000, 
the number is found in the left hand column, marked No. 
and its logarithm is found oppofite to it in the adjacent column, 
vndero; butif'the number exceed 1000, and is lefs than 
10000, find the three higheft figures in the column of num- 
bers, and in the fame line, titled by the unit at the top, is the 
logarithm required. The logarithm of 1786, may be found 
from the tables : thus, in the column No. look for 178, and 

in 
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in* the £anc line, under 6, (the uiiits place at iie top) is 
3.25 188> the logarithm required. . 

Note^ In erery cafe, the index is lefs by i, than the num-^ 
ber of places \ and, on the contrary, the numbelr of placet 
i's greater by unity than the indet. 

The logarithms of mixed numbers, are found tlie fame as 
if they were integers ; but the integer alone determines the in- 
dex. 

Decimal fraAions have negative indices, which are to be 
added when the logarithms arc iubtra^ted, and fubtraded when 
the logarithms are added^ 

- PROBLEM II. 

Tojind the ttatural number correfponeUng to a given logarithm. 

■ 

LET the given logarithm be 2.75976* it is required to firii 
its correfponding number. 

Look for the given logarithm, negleding the index, and 
againft it on the margin, you find 575, and i at top, which 
is 5751 ; but the index being 2, the iifteger muft therefore con-^ 
(id only of three places ; and, by pointing off towards the right 
hand for decimais, the number will be 575.1. 

It often happens, that the exad logarithm cannot be found 
in the tables^ in which cafe we take the neareft to it. 

PROBLEM III. 

To find ihe produ^ of two given numbers by logar'.thms. 

Rule^ Add the logarithms of both faAors together^ and theii^ 
fum is the logarithm of the product* 

Ex. Rc« 
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Ex. Required the produ£lof 15^ multiplied by ^%l 

The logarithm of 15, is 1. 17609* 
The logarithm of 70^ is 1.845 io« 



iThe log* of 1050^ the prodiidl, 3.021 19. 



PROBLEM iV. 



Tojind the quotient of two given numbers by /ogaritbms. 

Rule, From the logarithim of the dividend, fubtrad th^ 
logarithm of die divifori and the remainder is the logarithm bt 
the quotient. 

£!x* Required the quotient of 4255 divided by 15. 

The log. of 4251 is 2.62839. 
The log. of 15, is 1.17609. 



The log. of 28.33, the quotient i.4523a# 

PROBLEM V. 

To find thefquare, cube, or any higher power of a given humieri 

bj logarithms. 

Rule, M\iltiply the logarithm of the root, by the eicponenf 
of the power^ and the produ£t is the logarithm of the power 
i'eqaired. 

Epc, Required the cube of i2. 

' The log. of 12, is 1.079 18. 



The log. of 12' =1728=3.23754. 
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t^ROBLEM Vi. . 

9a exiroB thefquarej cube^ biquadrate^ &c. root of a given nujd^ 

ber by logarithms^ 

Ituk^ Divide the logarithm of the given number, by the 
exponent of the power^ and the quotient will give the loga* 
tithm of the root. 

■ 

Em. Required the cube foot of I72&. 

The logarithm of I728» is 3.2}754» which, if divided by j> 
Ivill quot 1.079181 the logarithm of X2 the rootc 



PROBLEM VII.- 

Tiree miners being giv^f to find a fourth proportional to them:, 

Rule, From the fum of the logarithms of the fecond and 
third terms, fubtra£i the logarithm of the firft| and the remain* 
der is the logarithm of the anfwer.^ 

Ex. If I4 yards cloth, eoft 71., what will 70^ yards cod at 
ihat rate ? 

The log. of 14, }s 1.14^13 firft term. 

of 7j is 0.84510 fecond tetm*. 
of 70.5, is 1.848x9 third term. 



2.693 29f fum o^ the 2d and 3d term*. 
^2* ^f SJ'^S* is i.547T6..*^remaindcf. 
^ 35 L- $s\ - ^ 



» PROj 



LOGARITHMS. 
PROBLEM VIIL 

To find a mean proportional between any two numbers by Icgarifhrn^ 

Rule^ Add the logarithms of the two given numbers together, 
and half their fum is the logarithm of the mean proportional. 

Ex. Required a mean proportional between 8 and 32. 



The log. of 8, is 0.90309. 
The log. of 3 2, is 1.50515. 



-^ 



2) 2*40824. 



for 8: 16;: 16:32. 



The log. of I <j the mean prop. 1.20412. L 

PROBLEM IX. 

To find the bgarithm of the Sine, Tangent ^ Secant, belonging to 
any nurnber of degrees and minutes required. 

Rule, If the degrees required, be lefs than 45°, feek (Jie de- 
grees on the topj and the minutes in tlie left hand column 
titled M, in the fame line under the propofed name at the top, 
ftandj the fine, tangent and fecant required. If the degrees 
given, exceed 45*^, feek the degrees at the bottom, and the mi« 
nutes in the right -hand column max^Led M, and the propofed 
name at the bottom. 

Note^ If the degrees at the top and jthe minutes in the left 
hand column, be added to the degrees at the bottom and 
minutes in the right hand column, the fum will be 90^* 
Hence they are complements of each other* 
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JL L A.NE Trigonometry i$ that part of Geometry, which teach- 
es how to meafure the fides dnd angles of plane triangles* It 
is divided into right-angled and oblique-angled trigonometry* 

The circumference of any circle, is divided into 360 equal 
parts, called degrees, and each degree into 60 equal parts, cal-* 
led minutes^ and each minute into 60 equal parts, called fe- 
conds^ andfoon. 

Note, Degrees are frequently marked **, and minutes '• Thus, 
30 degrees, 14 minutes, are marked 30% 14'. 

A femi-civcle contains 1 80% and a quarter of a circle or 
quadrant, 90"^. Thus the arch ABO, is i8t^% and BJ) is 90% 



DEFINITIONS* / 

I, THE complement of an arch', is what it wants of 90**, 
* or of a quadrant. Thus, the complement of the arch ED, is EB. 
See Jig. 50. Plate •\* 

D 2 a, T!i« 
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2. The fupplemcnt of an arch, is what it wants of a femi-cifr 
cle> Thus the fupplement of the arch £D^ is £B A. 

Note, An arch and an :lngle mcafare each other. 

3. A line drawn though one extremity of an arch per- 
|)endicular upon the diameter paifing through the other extre- 
mity, is called the fine of that arch* Thus, £H is the fine tf 
the arch ED, or of the angle ECD. 

4. The fegment of die diameter intercepted between the fine 
and extremity of an arch, is called the vcrfed fine of that arch. 
Thus, HD is the yerfed fine of the arch ED^ or of the angle 
ECD. 

5. A ftraightllne pafling through D, one extremity of an 
arch, and meeting the diameter produced through E, the orfier 
extremity, is called the tangent of the arch. Thus, GD is the 
i angent of the arch £D, or of the angle ECD. 

6. A ftraight line drawn frpm the centre, through one extra- 
mity of an arch, meeting the tangent drawn through the other 
extremity, is called the fecant of that arch* Thus, CG 13 the 
fecant of the arck ED, or of the angle GCD. . . 

Corollary I. The fine, tangent and fecant of any arch, is the 
fine, tangent, or fetant of its fupplement. 

BK is the tangent, CK the fecant, and EL the fine of 
the arch BE, according to definitions 3, 5, and 6, but BE is 
the complement of the arch ED ; therefore LE, BK and CK, 
are the fine complement, tangent complement, and fecant com- 
' plement of the arch ED. But for brevity's fake, they are cal- 
led the co-fine, co-tangent, and co-fecant of the arch ED, or o f 

t-n mr\c E CP. 

C^roL 
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ConL 2. Since the triangle C£H and GCD are fimilar, 
CH : CD (3sCE) : : CE,: CG- Hence, 

In words. The radius is a mean proportional betnxen the 
co-fine and feoant of any arch, 

/ C«V« 3^ Becaufe the triangles B^C, GCP are Cmilar, 
CD : DC (;5:CBJ : : CB : BK. Hence, 

ft 

In words, The radius is a mean proportional between the 
tangent and cortangy^at of any a^ch. 

- 
iVb/r, The lead pofliblc fccant;, the tangent of 45% and the 

line of gd^y are each of tliem equal to the radius* 

In erery triangle, there are fix things to be confidered, va^^ 
diree fides ax)d thf ee angles. 

All the angles in a triangle, are together equal to two right 
angles, or i8o°. If, therefore, two angles of a triangle are 
given, the third is alfp given,' for it is found, by fubtracling 
ihe fum of the other two from 1 So**. 

When one angle of a triangle is given,, the fum of the other 
two may be found, by fubtra£ling the given angle from 
l8o^ 

When one angle of a triangle is a right-angle, the other Iwo 
are acute, and are together equal to one right-angle, and con- 
fequently are complements of esu;h other. 



F&opo** 
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PROPOSITION. ^ 

I 

IN any right angled plane triangle^ if the hypothemtfe be 
mndr radiusy the ligs become the fines of the oppofite angles : but if 
either of the legs be made radius ^ the other leg be(jpmes the tangent 
of the oppofite angle, and the hypothenufe becomes the fecant oftbf 
fame angle* Fig» 51 • plate 3. 

Let ABC be a right angled triangle, if the hypothenufe BC 
be made radius, the fide AC will be the fine of the oppofite 
angle ADC ; and if either fide, BA be m^dz rfidius, the other 
leg AG will be the tangent of the oppofite angle ABC, and 
the hypothenufe BC, the fecant of the fame angle. 

With the centre B, atid radii BC, B A, defcribc two arches 
CD, liA, meeting BC, B A in E and D. Since CAB is a right 
angle, BC being radius, AC is the fine of the angle ABC, by 
definition 3, arid BA being radius, AC is the tangent, and 
BC the fecant of the angle ABC, by def. 5, 6. 

Since circles are 'to one another as their radii, fimilar arches 
of the fnme circles will be in the fame proportion ; therefore, 
the fines, tangents, and fecants of fimilar arches^ that is, of 
cqud angles, arc as their radii j confequently, the tabular radius 
is to the tabular fine, tangent or fecant of either of the acute 
angles cf a right angled rriangle, as the radius of the given 
triangle, is to the fine, tangent or fecant, in the fame triangle. 

And, becaufe any one of the three fides may be called the 
radius, any of the fides required, may be obtained by three 
jina!o|^ics or varieties. 

. N. B0 AH the v-'rietics which can occur in the folution of 
ri^Iit angled triangles, may be comprehended under two 

problems. 
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IP'trfii When all the angles and one fide arc given, to find the 
other two fides. ' 

idy When two fides and the right angle are given, to find 
two acute angles and the third fide. 

We come now more fiilly to ihew how each of thefc pro- 
blems are folved by logarithms* 



PROBLEM I. 

\ 

Case I. The angles and one of the legs given, foetid the hypothec 
nufe and the other leg. Plate 3»fg> 43- 

■ 

Ex» I. In the triangle ABC, right-angled at B^ fuppofe AB 
300 equal parts, as feet, yards, mHes, &c., and the angle at 
A 30"* 40% (and confcquently the angle at C 59"* 20') Required 
Ae fides BC, AC. 

Variety I. making AB rad. BC becomes the tangent, and 
AC the fecant of angle A. Whenoe arife tlie followmg pro- 
{iortions : 



To ^nd BC To find AC. 

ralius 90 ? - - 10.00000 

18 to AB 300 - 2.47712 

Sotang.ang.A3o°4o' 9-77303 



To BC 177.9 - - a.25015 



As rad. 90° - • lo.cocoo 

is to AB 300 - 2.47713 

So fee A 30' 40' - 10.06543 



To AC 348.? - - 2.54255 



Variety 2. making BC rad. B A becomes the tangent, ar4d 
AC the fecant of the angle at C. Hence the foHowing pro- - 
portions^ 



Variety 
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To find BC. To find AC 



Astang.ang.Cjp^ao' 10.22697 

is to AB 300 - 2.47712 

So rad. 90^ - - - 10.00000 



ToBC 177.9 



2.25015 



As tan. C 59° 20' - 10.22697 

is to AB 300 - 2.47712 

So fee. C 59'' 20' • 10.29239 

12.76951 
To AC 348.8 ^ - 2.54254 



Variety 3. Making AC rad. BC becomes the fine of angle Aj 
and AB fine angle C* Hence the following proportions. 



To find BC. 



to find Aa 



As fiife C 59'' 20' - 9.93457 I As fine C 59** 20' • 9.^)345 f 

is to AB» 300, - 2.47712 is to AB 300 - 2.47712 

So fine A 30° 40' - 9.70761 So is rad 90^ - - lo.ooooo 



ToBC 177.9 - - 



12.18473 
2.25016 



To AC 348.8 - - ^'54^55 



Ex. 2. In the right angled triangle ABC, right angled at B^ 
fuppofe B&4876 equal parts, angle A 53"^ 3', and angle C 
3|6° 57'. Required AB ; AG Fig 52. plate 4. 

ConJfruBron. Draw AB, upon B ere£b the perpendicular BC 
4876, and at C draw CA, making an angle of 36^ 57' with BC ; 
then ihall angle A be 53"" 3', AB 3668^ and AC 6101 equal 
parts. 

Variety i. Making AB rad.- BC be6ottie$ the fangent, an<i 
AC the fecant of angle A* Hetice arife the following propor- 
tions. 

To find AB. To find AC. 



As tan. ang. A 53^3' 10.12367 

to BC 4876 - 3.68806 

80 rad. 90 - - - 10.00000 



To AB 3668J 



3-S<^439 



As tan. A 53^ 3' 
toBC 4876 . 
So fcc^A 53° 3' 



To AC 6101 . 



- 10.12367 

3.68806 

- 10.^2104 

i3-909'o 

- 3-7«S43 

Variety 



^^JjOOVKHUEtKt. 
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^ariftf2. MdoBg; BC nuL AB becothei the tangent, and 
iSkC tlie fecant of angle G, Hetice arife diCL following pro^i> 



tiOQV* 



To find AIK. 



To fini AC. 

As rad. 0o^ - • IO.OOOOO 

Is to BG 4876, - 3.68806 

^ So fee. G 36'' 57' - 10.09737 



As tad. 90* - - 10.00006 
Is to BC 4876, - 3.68806 
fio tan. C 36** 5/ - 9.87633 

To AB 3668 - - 3,5648911^ AG 6 lof ^ - 3-78543 

Fariftf '3* Mdldng AC rad. AB becomes the fine of the 
«ngle at G, and BC the fine of Ac angle at A. Whence arife 
ihe fbU6wmg ftoportions* 



To find AB. 



To find AC. 



I 

As fcnc A 53^* 3' - 9.90^63 I As fine A J j*> 3' . 9.90:^6} 

I k to BG 487^ I. 3.68806 



Is to BG 4876, - 3.68&06 
So fine 036^ 57' - 9.77896 



13.46702 
To AB 366 « - * 3-S<S439 



So is rad. 90^ ^ - lo.ooooo 



To AC 6J0.1 



3-78543 



Case |]r« 

» 

V%e angles and the hypothent^e being givtn Ufini the legs. 

^ tn, the triangle ABG, right ai\glcd at B. fuppofe AC 568 c-> 
qual partsj angle A 39^ 14'^ ai)d angle C 50^ 46'. Required 

AB) BG. Fig. 44. f late 3. 

« 

Varutj) I. Making AB radiUs, BC becomes the tangent, 
tiA AC the fecant of A. Whence the following pio^rtions. 



t 



T* 
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To find BC. 

As fee. A 39** 14' - 1011094 
Is to AG 568, - - 2.75435 
So is tan. A 39^ iV 9.91 198 



m-^ 



To Be 359.4 . 



12.^6633 
^'55539 



To find AB. 

As fee. A 39" 14' - io.Tio^4 
Is to AC 568 - - 2.7543J 
So is rad. 90 - *• -icooooo 



b*M«a 



To AB 446 * )• 2.64341 



Variety 2. Making BC rad* AB becomes the tangeht, and 
AC the fecant of the angle C Whence the following propor* 
tions- 

To find Ba To find AB* ^ 



As fee. C 50*" 46' - 10.19695 

is to AC 568 - 2.75435 
So is rad. 90 - 10*00000 



To PC 359-2 



2'5SS4<5 



As fee. C co^ 46' - 10.19895 

is to AG 568 - 2.754g{ 

So is tan. C 50° 46' 10.08802 



To AB 440 



12.84237 
2.64342 



Varteiy 3. Making AC rad. BC becomes the fine of angle 
Ay and AB. the fine of the angle at C. Whence the following 
proportions. 



To find BC. 

As rad 90® - - 10.00000 

is to AC 568 - 2.75435 

So is fine A 39** 14' 9-80105 



To BC 359.2 . . 2.55540 



To find AB. 

,0 



As rad. 90** - - 10.O000 

is to AG 568 - 2.75435 

So is fine G 50*^ 46 9.88906 



ToAB 440 - 



2.64341 



PROBLEM 11. 

Twojdes and the right angle given^ to find the acute angles^ and 

the third fide. Fig. 46. plate 3. 

Iti the triangle ABC, right angled at B, fuppofe the hypothc* 
nufe AC 150^ and the leg. CB 6g* Required the angles A 

atid G and the leg. BA. • 

Variety 
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iety I. Making AC rad. then BC becomeg the fine of the 
Wgle at A« Whence, the following proportion. 



* As AC ICO 

is to rad* ^ 
S0BO69 - 



To. find angle A« 

2*17609 



ie.00000 
1.83885 



To finp A 27*^ 2j* 9.66276 



To find angle a 

Since the two angles of a right 
angled triangle, ate conq>le-» 
ments of eaoi other, angle C 
may be found, (by fobtni<i%ing 
angle A=27'' 23' from 90%) to 
I be 62^ J7' 



Variety 2- M^ing BG rad. then AG becomes the fecant; of 
the angle at C. Whence the following proportion* 



Te find, angle C ^ 

ASBC69 - - - I-838&5 

is to radius 90^ 1 0.00000 

iSo is AC i|o n 2*17609 



To fee. C. 62** 37/ xo 33724 



To find angle A. 

If from 90* you fubtra£l 62* 
27', the remai/ider 27° 23'. will 
give angle A^ 



Now there are o^r three varieties to find AD* 



Variety I. making AB nullus, to find AB. 



To find AB« 

As fcc» A, 27** 23' 
is to AC 150 - 

Se^isr3i4*99 *- * 



io«o5i6i 
2.17609 

10.00000 



To AB 133 2 



2* 1 2448 



To find AB. 

A8taiig.ang.A27°23' 9.7143* 

is to BC 69: - - 1.83885 

So is rad. 90 -* - 10.00000- 



To AB 133.2 



Fx 



2 12454. 
• To 



^ When an angle il required, the length of a tine ii made the firft andt 
third temas, alfo a fide that is neither given nor required, gmoot he admitted 
^to the proportion, cir made r»diiuk. 



3< 
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To find AB. To find ABk 

Variety a* lUktng BC fad. to find AB. 



Asrad. 90 
toBC69 



So tanu C 6^*" 37' - 10.285651 
ToAB i3j.a ' • a. 1 2454 



io»ooooo I As fee. Cda^ 37' - 10.33730^ 
X. 83885: 1 to AC 150 - . 2.17609^ 



Sq tap. C.62° 37' - 10.28569. 

12.46178 

^ToAB 133.* -. - 2.1244% 



Variaj 3. Making AC (ad. to find AB., 

To^ find AB. To find AB. 

As rad. 90 « 10.06000 \ Aa fine A 27° 23' - 9.6627#^ 



.90 

to AC 150 - 2.17609 
So6ncang.C62**37' 994839 



ToAB 133.2 - i» 2.12448 



toBC6^ * 1*83885^ 
So Sine C 62** 37' 994835^ 

11.78724, 

ToAB 133^ - , 2.U454f 



0BUQ9t 



""• ■ r >»S^ 



Q»UQU£ ANQI*E;B TR.IGONOlVtE'niT, 



JL HE fohijdon of all plan^ tr^mgleSy mav be 4edqc64 trot^ 
l||k<e three following theo];em%. 



Theorem !• 

A aftf^ptaru triangle^ the fides afe in the fame proportion^ as tH^ 
^nes of the oppofite (^ngks^ pi^. ^3. plate 4, 

Dem. Trom the angles A and ^ draw BE and AD perpen-^ 
dicular, to the oppofite fides, BC and AC produced if necef- 
fiiry. Becaufe the triangles ADB^ AEB^ ^re right angled 
triangles, the fide AD becomes the fine of the angle ABD, and 
BE the fine of the angle BAE |^ if AB the hypothenu(e, coni' 
ji^on to both the triangles, be made the radius ; but the two 
triangles ADC, BEC, have each a right angle at D and E^ 
Ukewife the common angle ACB, therefore, they are fimilar, 
and con&quently, BCis to CA, as BE is to AD; that is, the- 
Jdes are i^ t)i^ fame pvoportion ^$ the fines of the oppofit^ 

TlIKO- 
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Thkohem' II. 

J^i any plant triangle^ thefum of any tv)9jide$ is tp their difcrcffct ^ 
as the tangent of half the fum (f the angles at the hafe^ is to th^ 
tangent of half their dij^ertnct. Fig 5^. plate 4* 

Bern. Let ABC be a plane triangle, AB+BC:AB— Be:^. 
tan. ang. A+Ang. C : tan- ang. C — ang. A, upon^ A as cen-^ 



tre with AB the longcft fide for a radius, defcribe a> circlei^ 
vineeting AC produced in Band F ^produce BC to D, jcnn DA^ 
FB, EB, aad draw FG parallef to BC, meeting £B in G* 

The angle EAB is equal to the fum of th« angles at the bafe,^ 
and the angle EAB at the centre is double; the angle EFBat the 
circumiei^eQce, therefpce, EFB is half th^ fum, of the angles, 
at the bafe ; but the angle ACB, 14 equal to tihe an^s CAD, 
and ADCy or ABC together, therefore, FAD is the difierence 
of the angles at the bafe, and FSD ie half that diffewnce, but 
FBD is equal to the alternate angle BFG ; fince the angle FB£; 
in a femi^cirdo, is a right itfiglc, FS b^ing ladius, BE, BG 
will be tangents of the. angles EFB, BFG i.but^ it. is jilaip, that 
EC is the fum of the fides, BA and AC, alfo that CF is their 
difference; and fince EG and BC are parallel, EC :CF as EB ;. 
BG, thsit is, the fum of the fides is to their diiferencc : as the. 
tangent of half the fum of the angles at the bafe, is to the taiK 
ipnt of halj[ t})^ir. dificKenQ% 



tHECk 
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The cms M IlL 

hi a plane triangle^ the baft is to the fum of the fides ^ en the 
Jtffirenee ofthe^des^ is to the diference oftk^ fegments of the 
hafe^ maiehj the p e r pe ndic ular t^on it from the vfrieK* Fig* 
55. phte 4. 

Let AfiC be a plane trianglc) if from 6 the vertex a perpc8« 
fdicttlar BD be dropped on the bafe, AC : AB+BC : : fiC— AB^ 
IX: — AD. Upon fi as centre Mrith BC, the greater fide for a 
radius, defcribe a circle meeting BA and GA, produced in P 
and £. It is manifeft, that AF is the diiFerence of the fides^ 
and that £A is the difierence of the fegments of the bafe, fat 
£D and DC are equal, and AG is the fum of AB and BC ; but, 
becaufe FG and EC cut each other within a circle in the point 
A, the re£tangle contained by the fegments of the one, is e-» 
qual to the re£langle Contained by the fegments of the othev 
that is, FAxAG=EAxAC, and by Euclid vi. i5. AC: 
AG : : FA : £ A. Wherefore, in any plane triangle, the bafc 
is tO| &c* 

Nffte, The fum and difference of two magnitudes being given, 
to find each of them* 

Hukf To half the fum, add half the difference, the fum wilf be 
the greater, and from half the {urn, fubtra£l half the difference, 
the remainder will be the Ids. 

In plane triangles may be given. 

The three angles and one fide* "^ 

Two fides and the angle oppofite to one of them. 1 to find the 
T WQ fides and thdangle contained between them. [ other parts* 
The three fides* J 

PROu 



4» 
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MOBLEAl t 

9^ie mg&s fni due jHe givtn, to find the tiOs rtmaHiit^ J^^ 

Plate 3. fig. 47. 

rAng.tl5l'' i5')Rrti. AG tod BC 
JEr*i.GiVcn<Ang. A 5^° V -^— — —^^ 

lAB 276.5 3 1 86— 52**is+S9^=68^4S^=ian.B. 



To finS AC 

Asfincang.Cj2°i5^ 969801 

i» to A B 276.5 - 2*441 70 

So is fin^ an.B6B'' 45' 9*96942 

I2.4III2 

To AC 325.9 • - «'5i3ii 



To fihd BC. 

As fine ahj^. G 52"" 15' 9.898 
is to Ad 276*5 - 2.441 
So is fine ang. A 59^ 9 933^7 



ot 

44170 



To EC 199.8 






EXAMPLE 2, platjr4.J!g. ^6^ 

r ABazdod ^ |tcq. AC BC* 

Givcn-j Ang. A47*'3o'> ■ 

XAng. C 4 1 *» 1 5'3 1 80-47*^30+4 1 ^I5'=9i •! 5^aBg,B» 

To find AC. 

As fine aftg. G 41° 15' 9.8191 1 

istoABa6oo 3'4M97 

' So is fine ang. 691^15' 999990 






To AC 3942 



13.41487 
35951^ 



To 



^ The fine, tangent, fecant, &c* of any arcli> is the fine, 
tangent^ fecanty &c. ofits fupplement. Hence the fine of 
91** 15' may be obtained thus, 180*"— 91"* ij'=88'' 45»thc 
fbpplementof 91° 15'* 
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4k 



¥0 find BG. 

As fine ang. C 41'' 15^ p.Si^ii 

is to AB 2600 . 3-4 M97 

80 is fine ang. A 47^ 30' 9.8676^ 



To BC 296^ 



13.28260 
346340 



PROBLEM 11. 

inuo^des and the angle oppoftte to one of them being given, to Jina 
the other angles and the third Jide* Fig. 48* plate 3. 



AB 
Ex. Giyth I AC 

ang 



26 1 

. B 91- is' \ 



Req. ang. Aj ang. C and BC; 



180** — ang. C-l-ang. B.=:ang. A 47° 30', 



To find angle C. 



To find BC. 



As AC 39.42 



is to fine ang. B 91^15' 9.99990 
So is AB 26 - * 1.41497 

. II.4I487 

To fine C 41^ 15' / 9.8191^ 



1.59572 I Asfineang. C41® 15' 9.81911 



is to AB 26 - -> 1*41497 
Soisfineang.A47'^3o' 9.86763 



To BC 29.07 



11.28260 
1.46349 



PROBLEM IIL 

_ * 

T^vojides and the angle contained being given, to find the remaining 
angles, and the third fide. Fig. 49. plate 3^ 

V 

CAC - fc 1 

Ex. Given X BC - 50 > Req. ang. A, ang. 6. and AB. 

tang. 45° 3 



4> 
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To find the angles. 



To fiad i fum ing. A & ang. B. 



AsAC+BCiio - - - a-04139 

toAC—BC 10 - - - - i.ooooo 

Sois tan. ang.B+ang. A. 67"* 30' 1 0.38278 

7, 
ToUng.ang. B— ang. A 12° 23' 9.34 139 



To i fum - - - 
Add-i- difference - 

The greater 

From i- fum - - 
Subtract i difference 



The lefs 



6f 30' 
12^ i3' 

79° 53' 

67^ 30' 
12' 23' 

55 7 



180 

45 



2)135 fum. 



67^ 3o'=i fum. 



Now the greater 
angle is fubtended 
by the greater fide ; 
therefore, angle B 
op];k)fite 6oy will be 
79° 53', and anjU 

A 55° 7'- 



To find AB. 



As fine ang. A 55*^ 7' 9*91398^ 
is to BC 50 - - 1.69897 
So fine ang* C 45^ - 9.84948 



To AB 43,1 



11.54S45 
1.63447 



EXAMPLE II. Fig. 56. plate 4. 

rAB iSoV 
Given < i^C 200 I Required angles A, C, and AC. 
Lang.B 69° J 



T<i 
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To find the fumof ang. A & C. To find the angles A and C. 

180** ASCB+AB380 - - 2*57978 

69 istoCB— -AB20 - 1. 30103 

Soi8tan.ang.A+C55°3o' 10.16287 



2)111 fum 



•*mmmm 



ang* A and C. 



11,46390 



5c«3o'halffumof ,,, . ^^ .000^?! 

anrr A an^ P "tOtan.ang. A-C4® 23' 8.884I2 



To find AC 

To i the fum - 
Add^tbedif. 

The greater 

From' i the fum - 
Take 1 the di£ - 

The left. 



55^ 30' 
4^23 



59" Si' 
4' ^3' 



^» 



To find AC 

As fine A 59^ 53' 

is to EC 200 
So is fine B 69^ - 



9.93702 
2.30103 
9.97015 



12*27118 
To AC 215.9 - - 2*33416 



5107' 



PROBLEM IV. 

Tie ihreejides of any triangle being given^ to find the angles* 

Fig. 57. plate 4. 

CAB lool 
Em. !• Given ^BC 80 \ Required aU the anglea^ 

tAC 60^ 



AB: 



5k 
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AB: AC+BC: : B&-AC :BD^AD 
leo ; X46 : : 20 : 28 



fn all Aife8 of this kind, the 
greater fegment is adjacent 
to th< greater fide^ and vice 
Vft/a. 



To i the bafc • 
Add I- difierence 

The greater fcg. 

Frnvi 4. the bafe^ 
Take i dif. 

The lefler Teg. ^ 






36 



To find angle A. 

As AD 36 - - «-55^3<=> 

is to rad 9^^ . * ip.ooooo 

So is AC 60 - 1-77815 



Tofecang.A53°8' 10.22185 



To find angle B. 

As BD 64 - - i.8odi8 

is to rad. 90 - 10*00000 

So is BC 80 • «- 1*90309 

To(ec*ang.B36^ ^2' 10.09691 



Angle C may be found thus : Froip i8o» fubtra£l the fum of 
angles A apd B, the remainder will give angle C. Or add the 
complements of the angles A an4 B together^ and thq fum is 
( anj^le C. 

ne preceding proUem is freqtiently wrought according to the foU 
. lowing ^ule. 

Add the thi>ee fides together, and, from half the fum, fub- 
^£kthe fides federally ; then add the complements of the logs* 
Tithms of the half fimfi, and of the difference between the half 
fum, and the fide oppofite to the single fought, to the loga-r 
rithms of the differences of the two other fides and half fum ; 
and half their fum will be the tangent of half the angle re* 
^^ired^ ThuS| let angle A b^ rec]|uircdV 
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80 

60 

100 

fum) 240 

t fum 129 

half fum 120 Complement 7.92091 
l3xe dif. bet. 80 & 1 20 40 Complement 3*39794 



2)19-39794 



Tangent of 26"" 34' 9'<$9B97 

2 



53** 8' The angle CAB, 

The angles BC may be found by problem i. of oblique 
fingled trigonometry. 

We come now to the application of trigonometry, to die 
ineiifuration of heights and d^ances^ 



MENSU:* 
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MENSURATION OF HEIGHTS AND 

DISTANCES. 






X HE inftniments commonly made ufe of in meafuring 
heights and diftancesi are the Geometrical Quadrant, the 
Theodolite and the Geometrical fquare. 

The Geometrical quadrant is ufed for inveftigating vertical 
angles ; whether they be angles of * altitude, or angles, of de- 
preiTion. 

The Theodolite ferves for meafuting angles on a horizontal 
plane, or on an inclined plane. 

A vertical plane, is that which is at right angles with the 
horizon. A horizontal plane, is that which is parallel to die 
horizon. 

The Geometrical quadrant, is the fourth part of aciicle, and 

i& divided into 90^, to which two fights are adapted, and a 

plumb Itte fiifpended from the centre ; it is commonly made 

of brafs or wood- Fig* i. plate 4. 

The 

* JV. S, When the obje(ft it higher than the meafarerV eye, it is faid to fidM 
trad an angle of elevation, but ^ben lower, an angle of depreflion. 
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The Theodolite is a femi-circle divided into iSo^^ with an 
index which toriis about on its centre, and retains any (itua- 
tion given it, on which are two fights, called the moveable 
fights ; there are alio two other fights fixed on the diameter of 
the theodolite, which are called the fixed fights- Fi^. 2> plate 4. 

Sights are fmall pieces of wood or brals, having fmall holes 
or flits in them, to view the objeft through ;— They are fixed 
perpendicular td the plane of the theodolite, but parallel to 
the plane of the quadirant. 

The geometrical {jl^uzte may be made of brafs, wood, or 
any folid bo^y, hav^g equal fides and angles ; from one of the 
angles, a thread >s fufpended, with a fmall weight at the end, 
fo as, to point alWaysjo the centre* The two fides oppofite to 
the centre of fufpeiifion, are divided each of them into 100 e- 
qual parts; there is. alfo an index, which, (when occafioa 
ferves), may be fixed to the centre of fufjpenfion, and is made 
fo as to turn round, and retain any fituation ; on this ^ndex, are 
two fights. Siejig^ Z'P^^^ 4* 

Heights and diftances are of two kinds, viz. acceffible and 
inacceflible : acceflible objedts are houfes, growir^ trees, &ccd 
inacceflible ones are all mountains,. celelU^ bodies, alib 
houfes and trees, in certain fituations. ^ 



PROBLEM I. &ee Plate 4. Jig. 58^ 
Vuo meafure accejjible heights. 

EXAMPLE I. 

Let AB be a horizontal plane and £C a tower, whole height! 
is required : From B, the foot of the tower, meafure any con- 
venient diftance, 80 feet upon the horizontal plane AB. Suppofe 
the tower to fubtend an angle of 39° 49' from A. What is its 
height ? 

At 



MENSURATION O* 

1 

As cofihe ang. eler. 39^ 49^ - 9.8854^ 
Is to rad. 90' - ... i.9o;p9 

So is fine ang, eler. 39*^ 491^ - 9.80641 



11.70950 
To the height of the tower 66.69 = 1-82408 

EXAMPLE IL 

A tower, furrounded by a ditch 40 feet broad: frotn 
^e oth^r fide of the ditch, the tower fubtends an angle 
6f 53** 13'- Required the height of the tower, alfo the length 
of a laddet fufficient to fcale the tower. S^ejig. 58. plate 4. 

To find the height of the tower. To find the length of the ladder^ 



As radius - - 90.10000 

is to the breadth of 
. the ditch 40 - 1.60206 
So as tan. eU 53^13' i o. 1 263 1 

To the height of the 

tower 53.J =1.72837 



As radius 90^ - - io.oooo 
is to the br* of ditch 40 i •60206 
So is fec.elev.53*' 13' 10.22256 

To ladder 6678 == 1*8246:^ 



tX AMPLE in. Pfate 4. fg. s^. 

From the top of a (hip-'maft 100 feet above the level of ttie * 
iKrater, I took an angle of depreflion of another (hip's huU^ 
^4** 15'; required the diftahce of the other fhip. 

As radius 96** - to.ooood 

Is to the height of the maft 100 - 2.00000 
So is tang. depreflioiu74*' 15' - - JO'5497t 



To the dift. 354.6 - - 2.54971 

PRO- 
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49 



% ' 



PROBLEM II. 



To meafure inacceffible heights and diftattces* 

EXAMPLE I. Plate /^.Jig. <o. . 

At the foot of a hill| I took an angle of elevation of Its top, 
V^A found it to be 50^ 42'. I then meafared back 120 yards 
on the horizontal plane, and pbferved the angle to be 40° 12^ 
Required the perpendicular height of th^hilL 

N. B. When any fide AB of the triangle ADB is produced, 
the exterior angle DBC is equal to both the interior and op- 
pofite angles DAB^ ADB j therefore the angle ADB will 
be lo"^ jc/^ 



To find BD. 

AsrineADB=io°3o' 9.26063 

is to AB 120 - 2.07918 

So is fine an. A40°i 2' 9.80987 



ToBD 



425 



IT •88905 
2.62842 



To find DC the height. 

As rad. 90 - 10*00000 

is to BD 425 - 2.62839 

So is fine DBC 50^42' 9.88865 



Tathc height 328.9 2*5 1704 



EXAMPLE II. P/ate 4* j%. 67. 

I obfervcd an objcft on the other fide of a river, on a level 
with the plac€ where I fl:ood \ behind me was a regular decli- 
vity, which 1 might reckon a ftraight line. I marked my fta- 
tionby the fide of the river, and meafured back 170 yards, 
when I obferved I was. higher than the objeft. I took the 
angle of deprcffion of the mark by the river fide 42° 1 8', of the 

H bottom 
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« 

bottom of the objedl 72° 8', and of its top 78^ 20'. Requir- 
cd the height and diftance of the obje A* 

Jlerc, becaufe the angle ABC is 42** 1 8' the angle BAG 1547° 42 J 
confequently, its fupplement, the angle BAD will be 1 32"^ 1 8* 
And fmce all the angles of a ttiangle are equal to two right 
angles, and that the angle DBA is 29^ 50', the remaining 

" angle BDA will be 17° 52' Again, the angle CDE is a 
right angle, of which the angle BDC is a part •, therefore, 
the angle BDE is 7?*' 8^, and the angle at E joi° 40' j alfo 
the angle DBE will be 6° 12'. 

To find the dift. of the objeft. . To find BD. 

As fine BDA 17^52' 9.48686 

istoABiyo - 2.23045 

foisfinc3AD=i 32^18' 9.86902 

I 2.09947 

To BD 409.8 - - 2t*6i26x 



As fine ADP 17*^52' 9.48686 

is to AB 170 - 2.23045 

Bo is fine ABD 29"* 50' 9^967 7 

11.92722 
To the dift. ^175.7 2.44936 



Tcjind the height tf the objcB* 

As fine ang« E toi^ 40' - 9-99<^93 

is to BD 409.8 -• 2.61257 

So fine DBE 6° 1 2' - • 9-03342 

11.64599 
To the height 45,19 - - 1.65506 

EXAMPLE III. Plate 5./^. i. 

Being on a horizontal plane, I took the angle of elevation of 
^e fummit of a hill, and of the top of a tower built upon it, 
and found them to be 48^ 20' and 61^ 25'. I then mcafured 
back 1 50 yards, and found the angle fubtended by the height 
of the tower above the plane to be 38'' 19'. Required the 
keight of the toyrtx* 

The 
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St 



lli^ exterior angle CBD, is equal to both the interior and 
oppoiite angles, CAB, ACB ; but CAB is 38^ 15/ i therefore, 
AGB will be 23° 6' : and (ince all the angles of a triangle are 
equal to two right angles, angle ABC will be 1 18^ 35'. Or it is 
the fuppleiaent of the angle CBD ; alfo angle BCD is a8° 35^ 
and C£B will be 138^ 20'. 

To find BC. ' To find the towei^s height. 

As fine an. ACB 23"^ 6' 9.59366 ( As fine CEB 138° 20' 9.82265^ 



is to AB - 150 2.17609 
So is finean. A38^i9' 9*79240 



T0BC237 - 



11.96849 
2-37483 



is to BG 237 - 2-37475 
SoisfineCBE f 3Y9-354>< 

> ■ 1 II I 

11.72956 
To the height of the 

tower 80.7 - 1^90687 



Example IV. Plate s^fg^z 



From a window on a level with the bottom pf a fteeple, 1 
took the angle of elvation of the top of the fteeple 5;o° ; from 
another window, 20 feet perpendicular above the former, I 
toek another angle of the top of the fteeple 45^ 15' Required 
the height and diftatnce of the fteeple. * 

Becaufe the angle ACD is a light angle, of which the angle 
SCD=5o^ is a part, the angle SCA will be 40°, confequently, 
the alternate angle CSD will alfo be 40^. And fince the angle 
SAB is 45 '^ 15', and the angle BAD a right angle : thereforCj 
the whole angle SAC 135"* 15-, and the angle ASC 4*" 45'. 



To find CS. 

As fine ASC 4° 45' 8.91807 

is to AC 20 1. 30 1 03 

SoisfmeSACi35° i5'9.84T58 



ToCS 170 



1 f. 14861 

2.23054 



H 



To'find the height of the fteeple. 

Asfec. ang.SCD50** 10.19193^ 
is to SC 1 70 - 2.23045 
So is tan.SCD 50** 10.07619 



-^-• 



To the height SD 

130.2 feet. 
3 



12*30664 
2.ii47J^ 
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To find the diftince of the fteeptej 

As co-fccant SCD 50° 10.11575 

is to SC 170' - 2.23045 

So is co-tan. SCD 50'' 992381 

12.15426 

' Tothedift. of! ^ « . 

thefteeple. j^^9-3 2-03851 

EXAMPLE V. Plates. fig' 3- 
From the top of a tree 76 feet high^ I took the angle of de-> 
preffion of two other trees, lying diredUy in a fttaight line from 
me, and on the fame horizontal plane with the tree on which 
I then ftood) viz. that of the nearer 36^1 and of the other^ 
55** 30'. Required their diftance from the tree from whicl^ the 
obfervation was taken, and from one another* 



To find the did. of the nearer. To find the did of the other. 

As j(jid. 90 •" ] 0.00000 

is toheightof tree7o 1.845 10 

Soistan.2«depr.55''3o'io. 1^287 



As radius 90 - 10.00000 

to height of tree 70 1-845 ^ ® 

So is tan. dep. 36^ 9.86 1 26 



To the dift. 50.86 1.70636 



To the dift* 101.9 2*00797 



The diftance of the fartheft - ior9 feet. 

The diftance of the nearer -* 50.86 feet* 



Their diftances from one another 51*04 feet* 

EXAMPLE VI. Plate $.fig. 4. 
Wanting to know the diftance between a houfe and a tree^ 
the tree being on the other fide of a river ; • 1 took my firft fta- 
tion at the houfe, and marked my fecond at B ; the angle fub- 
tended by the diftance between my fecopd ftation, and the tree 
is 60''. I then meafured the diftance between my firft and fe- 
cond ftations, 380 yards, and found the angle fubtended by 
the houfe and tree to be 43 ''^ Required the diftance bptween 

the houfe and the tree. 

As 
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^3 



As fine 2ngle D 77' 

is to AB 380 
To fine ahg. B 43** 



9.98872 
2.57978 

9-B3378 



12.41356 
To the diftance 266 2.42484 

EXAMPLE VII. Plahs^fig.s* 
t wifhed to know the diftance between a kirk and a mill^ 
which were upon the other fide of a river, I choofe two fta- 
tions, A and B^ diftant 400 links, and fouiid the angles MAK 
40% KAB 64° 25', and ABM 56^* 15', MBK 50^ fe'. Re- 
quired the diftance between K the Kirk^ and M the MilL 



46° 00 MAK 
64** 25 KAB 



in the triangle ARB to find AK. 

As fine ang. AKB 9° 12' 9.20380 

is to AB 400 - - 2.60205 
So is fine ang. ABK 106"^ 23' 9.98209 



104 25 ang. MAB. 

jo^ 8MBK 
56 15 ABM 

106 22 ane. ABK« ^^ ^^ triangle AMK to find AMi 



To AE 246a 



12.58406 
3.38026 



164^ 25' MAB 
56 15 ABM 

160 40 
180 00 



As fine ang. AMB. 19® 20' - 9-5 1991 

is to AB 400 - 2.60206' 

So is fine ang. MBA 56° 15' 9-91985; 



19 20 ang. AMB 

106^ 23' ABK 
64 25 KAB 

170 48 
180 00 



To AM 1005 



12.52191 

'3.C0200 • 



/ 



-W". 



912 ang.<AKB. 



In 
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In ttie triahgle AKM^ to find the angles AMK, MEA. 

As AK+AM 3405 3*532 1 2 to f fum 70** 00 

is to AK — AM 1395 3-14457 

Sois tan. AMK+MKA 70*" 10 43893 

2 I3-583SO 

Totan. AMK— MKA48*' 23'i04 05138 

* ■ 



add^dif. 48° 23^ 

the greater 118 23 
the lefs 21 37 



"to find the diftance between M and £• 

As fine angle MKA 21'' 37' 9^66^1 

istoMAioo5 - 3.00217 

So is fine angle MAK 40° . 9.80807 

12*81024 
To the did. of tiit objeds 1754 5.24393 

J2a2^^ The foregoing example may be performed, by ufing M& 
andBK as the containing fides* 

EXAMPLE VIIL Plate s-fig* ^• 

If the Peak of TencrifFbe four miles abovfe the level of the 
kzy and the angle of deprefCon taken from the fartheft vifible 
point, be 87^ 25' 55'** Required the diameter of the earthy 
sdfo the fartheft vifible point that can be feen from the Peak. 

If the fquare of the vifttal ray, being a tangent to the'earth, 
be divided by the height of the fpe£tator's eye, above the level 
«f the fca, the quotient will give the earth's diameter, and the 
height of the fpeftator's eye above the level more* 

Devnon. Becaufe the ftraighl line AC is equally divided at Bj 
and produced to the point D, tie reftangle AD, DC, together 
with the fquare of EC, is ecjual to the fquare of ED, but the 
fquare of ED is equal to the fquares EB, BD, becaufe DBE is 
a right angle ; therefore, the rcftangle AD, DC, together 

with 
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With the fquaie of £C=3EB> is equal to the fquares I3» BD 3 
take away the common fquare £B, and the remaining refi- 
angle AD, DC, is equal to the fquare of BD the vifual ray. Ant 
becaufe the re£bmgle AD, DC, is equal to the fquare of BD^ 
(Euclid. 17th. 6.) DC : DIJ : : DB : AD. : Therefari^ 
DB» =AD and AD— DC=CA the diameter. 



DC 



To6ndFD. To find CR 



Asrad. 90® - lo.oocoo 

is to DC 4 - 0.60206 

So fee. 87^25'5s" 11.34866 

To FD 89.27 ' 1-95072 



As rad. 90° - j 0.0000a 

is to DC 4 . o.6o2Q^ 

So is tan. 87° 25' 55" 1 1.34821^ 

ToCF 89.18 . 1.9502I 



Here it muft be obfervcd, that if from any point withoirt m 
circle, two ftraight lines be drawn to touch the circle, thef 
are equal to one another, (Eucl. 37. 3O » therefore, FC is equal 
to FB, but BF and FD make up BD the vifual ray ; confequently^ 

it will be 89.i8+89.27=i78.45=BD, and i78.45*=796f 

■ " 1 1" ' ■ « 

4 
s=AD, and 7961 — 4=795 7> ^^^ earth's diameter nearly. 

To find BE the femidiameter. 

As rad. 90° ^ lo.ooooa 

is to BD 178.4 - 2.25139 

So is tang. 87"* 25' 55" - .1 1.34822 

To* BE the femidiameter, 3978 3. 59961 

2 



The diameter of the earth 7956 

3ercral 



«« 
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Several methods have been invented to find the eartk'a 
diameter, Mr Picart of the Academy of fciences at Paris, has 
propofed an exad method, by whicb^ not only the equatorial 
and polar diameters may be knowi^ but alfo the figure of the 
earth determined. 

According to Mr Picart, * a degree of the meridian at the 
latitude of 49° 2 i',was 57.06 French toifes, each of which con# 
tains 6 feet of the fame meafure ; from whidi it follows, that 
if the earth be a(i. txzQ. fphere* the circumference of a great 
circle of it, will be 123.249,600 Paris feet, and the femi* 
diameter of the earth, 19.615,800 feet: but the French ma- 
thematicians, who, of late, examined Mr Picarts obfervationsj 
afliire us, that a degree in that latitude^ is 57*183 toifes. 
They meafured a ^egree in Lapland, in the latitude of 66^ 20^, 
and found it to be 57*438 toifes. By comparing thefe degrees^ 
as well as by the obfervations on peildulums, ^nd the theory 
of gravity, it appears^ that the earth is an oblate fpheriod ; 
and the aj^is or diameter that pafles through the poles, will be 
to ^ diameter of the equator, as 177 is to 178, or the earth 
will be 22 miles higher at the equator, than at the poles* A 
degree has likewife been meafured at the equator, and found 
to be confiderably lefs than in the latitude of Paris, which 
confirms the oblate figure of the earth. Hence it appears, 
that if the earth were of ^n i^niform denfity from the furface 
to the centre, then according to the theory of gravity, the me- 
ridian would be elliptical, and the equatorial would exceed 
the polar diameter, by about 44 miles.* 



PROBLEM IIL Plate 5. /g. 9. 



To find the height of an ohjeEiy by means ofonejlaff* 

Suppofc the pole AB of an unkown height, BC a horizon- 
tal plane, and ED a ftafF of a known length. At any conve- 
nient 
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-Vehletit diftance from the pole, fix your ftaff perpendicular in 
the ground, then move backwards or forwards, till you find the 
point C, whence you may view th^ top of your ftafi^, E, in a 
line with A the top of the objed, then fay, as CD :DE : : CB: 
B A the height of the objed* Fig. 67* plate 5. 

Example. 

Lti BC U 80 feet, CD 5, and DE 4, required AB. 

5 : 4 •: : 86 
4 



5)3^0 

t»ROBLEM m 

To nUiJUre. ibe height rfan dtjeBfrom the. length tfitsJifuhtiK 

Place any ftafi^ of a known length in the fame plane with 
ihe obje£t ; then lay, as the length of the ftaflf s ihadow, is to 
the length of the ftaff j ib is the length of the objed's fhadowi 
to its height* 

EXAMPLE. 

Wsintihg to know the height of a fteeple, whofe fhadow 1 
found to be 200 feet, I fixed my ftaff perpendicular to the ho^ 
tizontal plane, the length of the ftaiF, is 4f feet, and of the 
fl)adowj 6 fpet, required the height of the fteeple. 



4: 
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6:4^:: 200 

4V 

8qo 
100 



6)900 



•^^ 150 feet high. 

PROBLEM V. 

To meafure the height of an ohjeB^ by a plane mirror , or by a tucket 

full of water* See fig. 69 

Placf the mirror or bucket between you and the obje£l* So 
that the top of the objed may appear in the middle of the ho- 
rizontal furface, then fay. As the diftance between the.objed, 
ihadow, and your feet, is to the height of the eye \ to is the 
diftance between the obje£t's fhadow, and the objefl ; ta the 
height of the obje£t« 

PROBLEM VI. 

Diflances may alfo he meafured by Joudfoundf^ ft/ch aSy the firing 
of a cannon y the tolling of a bellj th under ^ &c. 

It has been found, by many exadl experiments, that the uni- 
form velocity of found, i« 1142 feet, /^ fecond of time* If, 
therefore, the feconds elapfed, be multiplied by 1 14Z, the pro* 
du£): will be the anfTvcr in foet. 



EXAM- 



HEIGHTS AND DISTANCES $9 

EXAMPLE I. 

After feeing a flafli <»f lightning, it was 8 feconds before I 
beard the thunder, required the diftance. 



1142 
8 



5280)9136(1 
5a8o 

3)385^ 
I285f jinf. I mile 1285^ yards» 

EXAMPLE II. 

After obferving the firing of a cannon, 24 feconds elapfed, 
before I heard the report, required the diftance. Anf 5 liiSles 
336 yards. 

EXAMPLE in. 

After obferving ^ man ftriking a bell with a hammer, 5 f^ 
conds elapfed before I heard the found* What was the dif- 
tance ? An/. I mile 430 feet 

PROBLEM VIL 

Tojindthi velocity i>fthe wimL 

Obferve the (hadowof a cloud at any particular place, then 

count the number of feconds elapfed, before it reach any other 

.l^nicular place j then fay, As the number of feconds elapfed 

la 
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18 to one hour. So is the diftance of the two phces^ to th^ 
diftance tjie wind, ^U pafs over in one hour* 

NoU^ Bj a fimtiar experiment, the velocity of running waters 
may be computec)? 

PROBLEM Vni. 

■ 

Jleights or dipths may be ^mattifr&m the vehciiies acquired by fafr 
ling bodies^ and the /paces fallen through in given times^ or from 
the time of falling* 

In fuccei%re equal parts of time, fuch as i, 2, 3, 4, Scc^ 
the fpacespafled over, are in the feries of the odd numbers, i^ 
3> 5» 7) 9> ^ ') ^^*> ^"^ ^^ acquired velocities, as i, 2, 3, 4, 
&c. Hence, it is plain, that the velocities are as the times, 
and the fpaces paflbd over, are as die fquare of the times of 
falling. Thus, in a quarter of a fecond, from the inftant of 
beginning to fall, a body will fall i foot \ in half a fecond, it 
will have fallen 4 f^et, in tlvee quarters, 9 feet, and in one (br 
cond, 16 feet. In the next fecon^i it will fall through 
16X3=48, which added to the velocity at the end of the for- 
mer fecond, will give 64, the whode fpace fallen thfougb in 
two fecond^. ^n the diitd feCond, the body will fall through 
5 >C 16=80, which being added to the laft fum, 64, will give 144, 
the fpace pafled over in 3 feconds, and (b on continually* 

For the continued addition of the odd numbers, gives the 
Squares of all numbers from unity and upwards. 

Thus, In I fecond, a body will fall 16 feet» which is i * X id. 
In 2 feconds, i +3 =4=^ * X 1 6=64. 
In 3 feconds,! +3+5=95=3 * & 9X 16=14^^ and (o. piu 



f- 
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£:$AMPI£ I. 
How hx will a body fall in <S feconds ? 



6 
6 



36 the fqaare of tlie titact 
\6 



3« 



576 fcet» 
EXAMPLE n. 

In what thne will a body defccnd throujliii (jfdf feet? 

id)i 1,664(729(27 feconds. 
\\t 4 

46 47)3*9 
32 329 



144 
144 

. EXAMPJ-E IIL 

llequired the laft acquired yelocity, when a body has fallen S 

feconds of time. 

8 
a 

x6 twico ihe time. 



15 X x6ss24o^ the laft acquired velocity. 

EXAM- 



MEI^StfRAttoW> HTs, 



PROiiLEM I& 

Vameajiire heights a^ djftatices by the geometrical fquare^ 



When the plane is horizontal, the inftrument is to be fup^ 
Jported and placed horizontally at any point A, and it is to btf 
turned till the remote point F, whofe diftance is to be meafur- 
cdf is feen through the fixed fights ; then turn the index, till 
through the fights updn it, you fee any accei&ble obje£k B ; 
then place the Laiirument at the point B, dire£ting the fixed 
fights to the firfl ftation A, and the moveable toes to the point 
T \ and if the index cut the reclined fide of the fquare, as ill 
the point £, then, froni fimilar triangles, £S : SB : : as BA : 
AG ; but if the index cut the right fide of the fquare K, it 
trill be BR : RK : : B A : AF. In eithet of thefe cafes, the 
diftance reqdired may be found by the rule of three *• 

Perpendicular heights, when acce(6ble, may be obtained by 
Ae quadrant only* For exumple . ^ you wanted the height of 
a houfe, tree, &t« approach towards or retire from the objed, 
lili it fubtends an angle of 45'' i then (hall the height of the 
objdft be equal to its horizontal diftance* Muclidy I. 6. 

ATimilar observation may be made of the other inftruments 
tifed for heights and diftanees; but this, and many more, will 
daily occur in pra&ice. 



* The fide DS it called Uisriglit fide, E the reclined fidcw 



fABLES. 



HEIGHTS AND DISTANCES. 6i 

The velocity acquired at the end of any given time may be 
found thus. Suppofe a body begins to move with a celerity 
conftantly encreafing in fuch-a manner as would carry it through 
1 6 feet in one fecond, at the end of this fpace it will have ac- 
quired fuch a degree of velocity as would carry it 32 feet in 
the next fecond, tliough it fhould then receive no new impulfc 
from the caufe by which its aiotion had been accelerated. But 
as the farpe accelerating cauic continues conftantly to a£b, it 
will move 16 feet farther the next fecond, confequently it will 
have run 64 feet, and acquire fuch velocity as would, in the 
fame time, carry it over double the fpace. And fo on. 

EXAMPLE I. 
How far will a body fall in 6 fecoAds i 

36 X 16=576 feet. 
EXAMPLE II. 

In what time will a body defcend through 1 1664 feet ? 

1 6) 1 1 •664(7 ^9(27 fcconds. 
112 4 

46 47)329 
32 329 

144 
144 



EXAMPLE III. 

Required the laft acquired velocity, when a body has fallen 
8 feconds of time. 

., 32 the additional velocity/^ fecond. 

8 the time. 

256 the laft acquired velocity is 256 itttper fecond* 

EXAMPLE 



6x MENSURATION OF 



EXAMPLE IV. 

If a body move at the rate of 1376 htt per fecood, How far 
muft It fall to acquire that velocity ? 

32)1376(43 fecondsy time of falling. 
128 

g6 and 43^ X 16=29584 feet, 

if, 

Iti the following Table, the column titled T denotes the fc- 
conds of time from i" to do" j S the fpaces paffedbver in any 
fecond of time. The third column gives the heights from 
which a body would fall at the end of any^ given time, from 
I*' to 60" \ and column 4th denotes the laft acquired velocity 
at the end of any given time. Thus, at the end of 22 feconds, 
the body has fallen from the height of 7744 feet, and moves 
with a velocity of 704 kttper fecond. 



TABLE 



HEIGHTS AND DISTANCES. 
TABLE OF FALLING BODIES. 





,t- 'J ' " 






















T., 


S. 


ifeji;. 


1 




~T 


"T 


i^w/i6 


32' 




2 




64 


64 




3 




144 


96 




4 




ass 


128 




5 




4C0 


166 




6 




576 


1 92 




7 




784 


224 




8 




1024 


256 




9 




129S 


288 




■ lo 




ilSoo 


320 




II 




1936 


3S" 




I» 




2304 


384 




'3 




2704 


406 




14 




3134 


44a 




■S 




3600 


480 




Id 




4096 


S" 




17 




4624 


544 




|< 




5184 


nn 




19 




S77<5 


608 




ao 




6400 


640 




ai 




7051! 


67a 




22 




7744 


704 




n 




8464 


736 




24 




911(5 


,68 




'S 




10000 


800 




26 




10816 


83a 




27 




11664 


864 




28 


ss 


"S44 


896 




29 




13456 


^28 




JO 59 '1.(4^5 


;5o 
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PROBLEM IX. 

?i meafure heights and dijlances by the geometrical fquare. 

When the plane is horizontal, the inftrumcnt is to be fup- 
portcd and placed horizontally at any point A, and it is to be 
turned till the remote point F, whofc diftj»nce is to be meafu- 
rtd, is feen through the fixed fights ; then turn th^Rdex, till, 
throuu;!i the fights upon it, you f^e any accefFible objedl B ; 
then place the inftrament at the point B, directing the fixed 
fights to the firfl (lation A, and the moveable ones to the point 
y 5 and if the index cut the reclined fule of the fquare, as in 
the point E, then, from fimilar triangles, £S : SB : : as BA : 
AG \ but if the index cut the right fide of the fquare K, it 
will be BR : RK : : BA : AF. In either of thefe cafes, the 
didance required may be found by the rule of three *. 

Perpendicular heights, when accefiTible, may be obtained by 
the quadrant only. For example. If you wanted the height of 
a houfe, tree, &c. approach towards or retire from the objeft, 
till it fubtcnds an angle of 45*^ ; then Ihall the height of the 
objcft be equal to its liorizontal diftance. Euclid^ I. 6. 

A fimilar obfervation may be made of the other indruneentt 
ufed for heights and diftances ; but this, and many more, will 
daily occur in praftice. 



« The fide D£ is called the right fide, £ the reclined fide. 
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CONTAINING, 

I. A TABLE or rai LOGARITHMS or NVMBER3 

FKOM 1 TO 10000. 

n. A TABLE o» LOGARITHMIC SINES, TAN. 
GENTS, SECANTS, amd VERSED SINES, 

TO E7EBY DZCXEE AMD MlNUTE OF THE ^A- 

DRANr. 

in. A TABLE or LOGARITHMIC SINES, TAN. 
GENTS, AUK SECANTS, To eve«t Point, 
Half Point, aud ^aktex Point oe the 
COMPASS, 



A Table *!ftbe Looakitbhi of'i^vutii.ifnm i ta lOOOO. 



TABLE or LOGARITHMIC NUMBERS. 



rt". 


^_2_._!_ 






TTTTTT— T — — 






00043 


^^^7 


00130 


^ 


00117 00160 


00303 


i 6 


5^ 






O047i 


oojiS 






00647 006851 


00731 




ooSi, 






00903 


00945 


^ib 


01030 


01071 01115 


01157 




01143 


'03 




01316 


0.J68 




01451 


01494 01536 


01J78 




CI66] 




< 3 


01 7« 


01787 


oiSiS 


o,S70 


01911 OI9J3 


01995 




01078 


io6 


' ? 


0^571 


OTIOI 


01143 
01653 


C118* 
01(.y4 


01315 01366 
01735 01776 


01407 
oigl6 


f i 


01898 


107 


c 8 


019J9 


C3OI9 


OJ060 


03100 


OJI41 03181 


03111 




0330; 


.0! 


c 1 


03383 


034IJ 


03463 


03503 


03543: 035B3 


0361; 




03703 


lOJ 


t 3 


03781 


03811 


03861 


OJ9OI 


03941 039*1 






041a 








04113 


04158 


04197 


04336 04376 


04415 




0449. 


tii 




04571 


04610 


04650 


04689 


04717; C4766 


04805 




0485, 






04961 


04999 


05038 


05077 


051.5 0515. 


05191 




05169 


113 




05346 


053»5 


05413 


05461 


oj5ob 0553! 


05576 




05651 


IM 




Oj7»9 


OJ767 


0580,, 


05843 


oj88i^ 0591) 


05956 




06031 


"i 




0«io8 


06.4J 


06183 


06111 


06158 0619& 


06333 




06408 


[It 




0648? 


065*1 


06558 


06595 


06633- 06670 


06707 




06781 


117 


? ? 


o63,(t 
07»J 


^J93 


069X0 
07198 


o6y67 
"7335 


0JOD4- 07041 

07371.07*08 


07078 
0744J 


° ? 


°71J« 


"9 




07J91 


07618 


07664 


07700 


7!oJ773 


07809 




llm 




( 8 


07954 


0799c 


0801; 


08061 


9, 08.35 


08171 




08143 




' 9 


08314 


08350 


08386 


08411 


8 08493 


08519 




086^ 




c ( 


08671 


oB7or 


08743 


08778 


0; 1 


0B849 


o8B8i 




089JJ 


'M 


; ; 


09016 
0937? 


0^ 

0^411 


09096 
09+47 


09131 

3^1 


7 


05101 
09551 


09137 


I \ 


0,307 
09656 






09716 


09;6c 


°9795 


09830 


4 


09899 


09934 




10003 


1*6 






10I06 




10175 


" 1 


10143 


lD17l{ 




10346 


I»7 




10415 


10449 


10483 


lOJEJ 




105BJ 


I0619 




10687 


118 




107JJ 


I07B5, 


.08*3 


10856 




10914 


10958 




"OIJ 


Illi 




110,3 


11116 


1116: 


UI21 


I 7 


into 


'iil* 




1136' 


130 




114lt 


11461 


1 1494 






11594 






u6y4 


131 




n?*'. 


"793 




il86<. 


' J 


1 1916 


"959 




11014 


Iji 




11090 


Jiri3 


Hljfi 


11189 




11154 


111B7 




'135* 


•33 


' J 


1.413 


■Mjo 


It4«- 


11516 


I B 


11581 


11613 




'1678 


'34 




'1743 


11775 


1x808 


1184c 




11905 


11937 




13001 


'3J 




13061 


13°»^ 


'3'3t: 


13161 




13116 






13311 


ili 


i ; 


I1P6 


il^S 


1345c 


^34^1 


i 3 


'3545 


'3J77| » 9 


r^Si-o 


'H 




13704 


I373' 


I3?6j 


'57V9 




.386; 


"3"'93 • ' 


13956 


138 


1 i 


I40I9 


'4051 


14081 


14114 


' J 


14176 


1410B I 9 


14*70 


139 




'4353 


14364 


'4395 


14416 


' 7 


'4»8y 


"4510 I . 


.4581 




' 3 


14644 


1467J 


14706 


14737 


1, ! 


I479y 


14819 1 3 


14S9' 








'4983 


'i^l* 


'5045 


I S 


15''j6 


IJ137 1 8 


15198 


14^ 




iji.t9 


1519c 


'53 10 


'J35' 




15411 


15441 ' j 


15503 


'43 




15564 


^5594 


'J6»j 


'J655 


'. t 


■57'5 


15746 ' 6 


15806 






15S66 


1589; 


1591; 


'595 ; 


'. J 


160)7 


46047 




16107 






16167 


16197 


1611; 




II ', 


i6ii6 


16346 


I \ 


16406 


Mfi 




1 6465 


16495 


16514 


'6554 




l66n 


16643 




16701 


LiZ 


1 1 


16761 


16^91 


16810 


i6Bi. 


£ ' 


1690'/ 


i693_8 


i 7 


16997 


I4» 


J 5 


i70j5'i7SS3 


1711* 


■7>43 


'■ } 


17101 


1713' 


if I 


I7«9 


149 


' 9 


17348 '73;: 


17406 


'7435 




17493 






17580 


'J'- 


' t 


17638117667 


.7696 






17781 


\li" 


I 5 


17869 


'J' 


1 s 


17916: 179J5 


1798, 


iHoj'i 




18070 


l8o'>9 




18156 


IJl 




18113 iBmi 


18170 


1B19B 




1 8,155 


18384 




.8441 


'i4 


i ^ 


18498; iHjiZ 


ll!554 
18837 


18533 
tS6b} 


'' 3 


i86,g 
HI911 


18O67 
18949 


1 7 


18714 
19005 


'Ji 




.9061; 19089 


19117 


19145 


" J 


19101 


19119 


I 7 


19185 






1934a 1936S 


19396 19414 




l947y 


19507 


1 ! 


19561 


's: 


1 3 ly6lg, y6^. 


19O73 '9700 


I. 3 


19756 


19783 




.9838 


iji 


1 6 lySjj I9921 


I9;48| 19976 




1003c 


1005 i 


1 5 




fp: 


%-|^?^ 


Willi 10149 
3 1 4 


1 6 


^,03 


10330 
7 


1 !i 


9 




















_ 





TABtE OF LOGARITHMIC NUMBERS. 



jT""" '" 






4 S 




5 1 9"J 


iti 


*a4it 


* 19 


10^ 


10493 


10510 


10547 


ii ^ 


IMf^ 106J6 


I6i 


ao«8j 


a< □ 


10736 


10763 


10790 


108.7 




30898 10935 


i6i 


10951 


i< S 


lIOOj 


11031 


11059 


11085 


*■ 9 


lli6j 1119; 


163 


aiai9 


1 >5 


llljl 


11199 


11315 


11351 




111431,11458 


164 


31484 




iijj; 


11564 


11590 


116:7 


1; 9 


11696 M7» 


I6J 


»748 


1 S 


11801 


11817 




11880 




11958 H985 


m 




1 .7 


S365 


11089 


11 "J 


111 41 




itlio 11146 


167 


»ai7i 


1 .8 


11J14 


11J50 


11376 


11401 


1: 3 


11479 »*5oj 


16S 


aiSii 


1 7 


11J83 


11608 


11634 


11660 




11737I 11763 


.6, 


»V89 


1 4 


11840 


11866 


11891 


11917 


li 8 


11994: 13019 


170 


13045 




130,6 


13111 


13147 


13171 


1. 3 


«3i49i 13374 


171 


'33°° 




3 


13330 


13376 


1J401 


13416 


^ Z 


13501; 135 ll 


ijl 


13JJ3 


1 


8 


iis^ 


13619 


13654 


"3679 




13754133779 


■73 


IjMoj 




.0 


»38ji 


1388c 


13905 


13930 




34005 1403( 


«-* 


14053 




to 


1410J 


14130 


»4iJJ 


14180 


1, .9 


1415-1' 14179 


tJS 


14304 






143J3 


14378 


1440J 


14418 


!■ 7 


14501 14517 


■76 


»4JJI 




6 


14601 


14615 


14650 


14674 


1: .4 


14748 


14773 


■J7 


'4797 






14846 


148 ;i 


14895 


14910 




!4993 


150£H 


■ !8 


aj04i 




i 


15091 


ijiij 


ij»39 


15104 




15337 


15301 


■79 


IjiBi 


1 




»J334 


15358 


15381 


154061 




15479 


155OJ 


llJC 


IJii? 


1 




15J7J 


15600 


15614 


15648 


3. 6 


35730 


1J744 


lEi 


»jj6a 






Ij8l6 


15840 


15864 


15888 


». 5 


15959 


35983 


lEi 


«60O7 




3.60SS 


1O079 


16.01 


16116 




1019K 


16111 


55^ 


1*143 


1. ^ 


36193 


16316 


16340 


16364 




36435 


16458 


'»4 


iMi 


li 15 


10519 


165J3 


16576 


16600 




,16670 


16694 


'8J 


16717 


1. 11 


16764 


16788 


16811 


16834 




16905 


i69lt 


IE6 


1693 1 


1 5 


16998 


17011 


17045 


17068 


1; 4 


17138 


17161 


187 


17184 


1 t7 


17131 
17461 


•J 154 


17177 


37300 




17370 


'7393 


lgl 


174'6 


1 .9 


17485 


175=8 


17531 




17600 


17613 


^9 


17646 


1 '9 


17691 


'77'J 


17738 


17761 




17830 


37851 


lyo 


17«73 


7 ^ 


a791l 


17944 


1796; 


37989 


ij "; 


10058 


18081 


191 


18 10 J 


1; ,6 


18149 


18171 


18194 


18117 


ii .'i 


ililil5 


18307 


'91 


18J30 


' 3 


18373 


18398 


18411 


38443 




3S511 


38(33 


f93 


I8ji6 


1^ 8 


i86ci 


1B613 


1S646 


18668 


li 3 


38735 


1875! 


^94 


18780 


1 13 


18815 


18B47 


18870 


18891 


1; 7 


18959 


189S1 


WJ 


19003 


1 ,6 


190^ 


19070 


19091 


i2i£i 


5 9 


19£8. 


*9103 


lyO 


19116 


1 ,g 


iyi;o 


19191 


19314: '93j6 




39403 


394*5 


''2 


»i»447 




19491 


39313 


1953! ?9J57 




19613 


39643 


'9i 


19667 


1 18 


1971^ 


19731 


19754 *9776 


1. 


39841 


19863 


.99 


198SJ 


1 >; 


19919 


mi' 


19973 »S994 


3' 8 


30060 


300S1 




30103 


3 !I 


30,40 


30168 


30J90 3011 1 


3' 5 


30176 


30198 


101 


303JC. 


3 H 


30363 


303B4 


3041-6' 3041S 


I 1 


30491 


3?ii3 




30J33 


3 ~ 


3'; J 78 


30000; 30611, 30641 


3< 5 


30707 


3071B 


MJJ 


30730 


3 ■! 


30791 


30814! 308331 30S56 


3' 9 


30910 


30941 


104 


3096J 


3 I4 


3it«6 


31017 


31048 31069 


3: 1 


31133 


3'154 


105 


31173 


^ '1 


3III8 


31139 


31160 3"Bi 


3. .3 


31345 


31366 


106 


313"; 


3 >8 


31419 


3'450 


3147' 31491 


3. 4 


31555 


31576 




3<397 


3 :8 


3l63y 


.^1660 


3i'j8i 31:701 


J 


31 7^15 


31785 


i^ 


Ii5o6 


3 17 


3>B4a 


31K69 


31890 31911 


3. 1 


3'973 


3'994 


109; JSOIJ 


3 13 


31056 


31077 


31098 31118 
31305; .J^3'i 


3: 


J1181 


31301 


110 Jim 


3 la 


31163 


31184 


3: * 


31387 


31408 


:.i 3W18 


.3 19 


3146a 


31490 


31510 3^31 


3 1 


33593 


31613 


»*! 31634 


3 ;4 


31675 


31695 


31715 3*736 


3. 7 


31797 


3181H 


113 


31838 


3 ;8 
i Ti 


31879 


U899 


319 i9[ ii2*S 


3' a 


330D1 


3joii 


)J4 


3304" 


33081 


33'oi 


33iii[ 33143 


3, ■,) 


331^.3 


33114 


"J 


33*44 


3 '4 


33184 


33304 


333it! 33345 


3 'S 


33405 


33415 


116 


33443 


3 y 


3348fr 


33Jo6 


33516, 33546 


a. ■<• 


33606 


33616 


"7 


33646 


3 ^ 


336K6 


337C6 


33716 33746 


3. '6 


33806 


33816 


iig 


33846 


3 -6 


33885 


33905 


339*5 33945 


3. '■< 


34005 


34015 


"9 


34044 


3 <4 


34084 


34104 


34114 34143 


I 13 


34103 


34*13 


N« 


° 






3 


4 5 




\ 


9 
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a. oil . — 3 — 7-n~ 


_i,_ , , . . "^r- 




(loi7lfao 71609 71617 Ji6*j 


71*34 


71641 


71OJ 


7 ' 9I 71667 


nfe 




[II 


71684 7169* 7>700 71709 


7t7l7 


717*5 


7173. 




7«;50 


71759 




!M 


71767 7I7H 71774 71791 


71I00 


71809 


71817 


7 


71834 


;i8** 




)1] 


71850 71858 71867 71I7,! 


71883 


71891 


7190C 


7 il 


71917 


7>9»5 






71933 71941; 71950 71958 


71966 


71973 


71983 




71999 


71008 




i^s 


7»oi6| 7«'i4i 7303* 7M141 


71049 


7*057 


71066 


' * 


71081 


71090 




,li 


71099: 7ai07' 7*115: 7»'»: 


71IJ1 


711*0 


711*8 


7 6 


71165 


7*173 




n: 


l»l8i 7*'89 7»I9) 


'"Si 


TI114 


jaiai 


7**30 


7 9 


7***7 


7**55 




jia 


71163! 7"7a: 7m8o 


7**88' 


71*96 


7130* 


7*313 




7*3*9 


7*337 




i»s 


713*61 71354; 7»,l6i 


7*37i> 


?»378 


71387 


7*395 




7**11 


7*419 




13c 


71*18 71*36, 71444 


71*5* 


7146c 


7l*6j 


71*77 


7 


7**93 


7*501 




S3' 
(3» 


7*5°9 
7*591 


7HUII 71J16 
71I9J 71*07 


7*53* 


71614 


7*i50 
7*631 


7*558 
71640 


7 i 


m 


'm 




!33 


71671 


716I; 


7*689, 


716J5 


7*705 


71713 


7*7*1 




7*738 


717*6 




[j- 


7i7i* 


71761 


7177( 


7»r79 


7*787 


71795 


7180, 




7*819 


71817 




ilf 


7183^ 


718*3 


7i8ji 


7ili6o 


7tK68 


718^ 


7*884 




7*900 


71908 




tse 


7i9>6 


71915 


7«9J.l 


7*9*1 


7*9*9 


7*95: 


71965 


7 : 


7*98. 


71989 




tr 


7199; 


73006 


7J014 


7301* 


r^°i'> 




73046 




73061 


73070 




UE 


73078 


73086 


7309* 


7 J. 01 


73iir 


73119 


731* 




731 43 


73151 




!39 


73'59 


73167 


73175 


73183 


75191 


7JI99 


73107 


7 5 


731*3 


73»3» 




I4( 


73139 


73**7 


73155 




73*71 


73*8c 


73188 


; 6 


73304 


7331* 




Ml 


733*0 


733*8 


73336 


733** 


7335* 


7336D 


7331-8 


7 6 


733B4 


7339* 




Ml 


73*" 


73*08 


73*16 


73*** 


73*33 


734*0 


73**8 




73464 


7.1*7* 




M.' 


73480 


7348S 


7,1*96 




735'! 


735i^ 


735*8 


7 6 


735*4 


7355* 




!4i 


7T65 


73568 


73576 


Tji^ 


73591 


■y^ 


73658 


; 6 


73614 


73631 




MJ 


73640 


73648 


73656 


7366* 


73671 


7367s 


7JS87 


7 5 


7370J 


73J1I 




I4« 


73719 


73717 


73735 


737*3 


73751 


7375! 


73767 




73783 


7379' 




HI 


73799 


73807 


73815 


73813 


73SJ0 


7 J 8,18 


73846 




73861 


73S70 




14* 


73878 


7J386 


7.894 


73901 


73910 


7J91S 


73916 




7)9*' 


739*9 




(*7 


73957 


TICjYit 


7597.1 


ll£!l 


7J_289 


'■'99? 


7*005 


1. i 


'*OI0 


7*0li 




lie 


7*036 


7*^i* 


7*05* 




7*o6» 


74076 


74CK4 




7*09y 


7*1071 




!5> 


74" 15 


7411J 


7*131 


7*139 


74M7 


7*155 


74161 




7*178 


7*186 




SJi 


'«'M 


74101 


'**is 


7*117 


7***5 


7**33 


7***1 


7 ■ 


74*57 


74*65 




!J3 


;*i7.'^ 


74j8o 


74*88 


74196 


7430* 


74311 


7*3*0 




74335 


7*3*3 




»/ 


743JI 


74359 


7*367 


7*37* 


7433* 


7*3*0 


7*3?8 




7441* 


74*11 




!55 


7**J9 7*4,7 


74445 


7**'3 


74461 


7*468 


■7**76 


7 * 


7**91 


7*50! 




ij6 


74507| 7*JIJ 


7*5*5 


7*5 J 1 


7*539 


745*7 


7*354 




74570 


7*578 






7*58(1 7*593 


;*6oi 


7*609 


7*61 ?■ 


7461* 


7*631 




7*6*8 


7*656 




;j8 


7*663 7*671 


7*679 


7*687 


7*695 


7*70l 


74710 




7*7*6 






159 


7*7*1 7*7*'y 
7*Bi9 7««17 


7*757 


7*76* 


7477* 


7*780 


7*78S| 7. & 


7*801 


7*81 i 




(60 


7*834 


. 7*8*1 


74850 


7*858 


7*8651;. 3 


74881 


7*889 




|6l 


7*896, 7*904 
7*97*! 7*981 


7*11* 
7*9«9 


7*9'9 
7*y97 


7*gi_^ 
75003 


71935 


;*9*j; I 
75010; 7. a 


7*9<8 
75035 


7496? 




>^3 


750JI 75Cj<) 


75066 


75074 


75081 


75089 


750971 T. 5 


7^W3 






164 


75'ie 7.-'36 


75IJ3 


75151 


75159 


75"6fi 


75174';. J 


75189 


7519; 




'^ 


75105' 75»I J 


751" W.M8 


75*36 


75**3 


7515 iJ 7, 9 


75166 


75*7* 




i66 


75*81' 75189 


75197 75305 


753" 1 


7J3W 


75318; 7. 5 


753*3 


75351 




[67 


753)8' 7536ft 


7537475381 


7538J 


75.W7 


75404 7. * 


75*10 


75*1! 




!«: ;j«j! zsiia 


75*50|75*5S 
755*6 75534 


75*65 


73473 


75*81 7. B 


75li6 


^SS°l 




1*9 "J"i"5'9 


755*1 


755*9 


75557 7. 5 


75571 


JIS^': 




r7°; '«>', 7i59J 


75603^ 75610 


7561K 


75616 


75613 7. 1 


7i6*R 


756^' 




S7I|'5**4 7J671 


75679 75686 


75694 


7570* 


75709' 7; 7 


7j;».-i 


71731 




[7»l 7J740I rj74- 


75755' 75761 


75 77'. 


75778 


757851 7; 3 


758*. 


75IJ0S 




[L3; 738'j 7J8J3 
S7* 73891' 75899 


7583' 75838' 75846 
75906 75914' 759IJ 


7.5553 
759iy 


75861 7: f 
759371 7; i 


7^876 
75V5» 


■■!!'. 

7555!) 




I7j|7J967l7J97^ 


75981 75989:75997 


7600J 


76011' 71 J 




76.3. 




(76 ;l^4l'76oio. 


76057 76065 76^71 


;6o8o 


7608; 
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76103 


7fliii 




1771 jftoS' 76115 


76133 76140' 76l*K 


76155 


76173 
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;6i;is 
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[78 76'9.t 76100 


7S10B 7611J 76113 


7613J 


76138 


7< f 


76153 
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79' 76)6* 76175 


76183 76190] »6»;,8 


76305 
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^h 



>-40 ^I^Hl 



S2^ 

\1S 
hb 

h) 
hS 
$29 

he 

t33 
(34 
[35 
^36 
^3? 

F 

31; 

MC 
I41 

542 

Ua 

he 

Uy 
US 

{49 

re 

!!4 

5ji 
!5t 

!57 

563 
(64 
J65 
56C 
{67 

j^ 
169 

{7c 

•71 

[73 
►74 

•75 
!7f 
!77 

!79| 

;^ 



91434 91440 



91487 
9^^540 

91593 
91645 
91698 

91751 
91803 

91855 
9x908 
91960 

92012 
92064 
92117 
92169 
92221 

92273 

9»3»4 
9»376 
92428 
92480 

91531 
93583 
92634 
92686 

9^737 
927^8 

92840 

9289T 

92942 

9^931 

93044 

93095 

93-r4<^ 

.9319? 

93247 
93298 

93349 
93399 
93450 

9^15 00 

93551 
936CI 

93651 
93702 
93 '52 

93802 

93^52. 
93902 

9395* 
94002 
94051 
94101 

94151 
94201 

94250 

94100 

94349 
94399 



91387 



9149a 

91545 
91598 
91651 

9170.;] 
71756 
91808 
9I86I 

91913 
9196 



/^ 



4^018 
92070 
92122 

9217 

92326 
9i2?8 



9^3jO 
9^3^^! 

9*433 
9*483 

.91536 

92639 
92691 

92742 

9»793 
92845 

92896 
92947 
92998 
95049 
93'*«o 
93151 
93202 

93*52 

93305J 

93354 

93404 

93454 

93505 

93556 
93606 

93656 
93707 

93757 
93807 

93857 

93907 

93957 
940d7 

94057 
94iof 

94156 
94206 

94255 
94305 

94354 
9440^ 



3 



9139* 

91445 
91498 

91551 
91603 

91656 

91709 
91761 
91814 
91866 
9x918 
91971 
92023 

9*075 
92127 

9*179 

9**31 
92283 

9*335 
92387 
9*438 
92490 

9*54* 
9*593 

9*645 
92696 

9*747 

9*799 

92850 

929QJ 

9295* 
93003 

93054 

9aio5 

93^0; 

93257 

93308 

9S359 
93409 

9346c. 
95515 

93561 
93611 
93661 

9371* 
93762 

9>8i3 



91397 
91450 
91503 
9T^SS6 
91609 
91661 



91714 
91766 
91819 

91871 
91923 
91976 

.92028 
92080 
92132 
92184 

9**36 
92288 

92340 
92392 

9*443 
9*495 

9*547 

92598 

9*650 
9*701 

9*75i 
92S04 

9*855 
92906 

92^7 
93008 

93059 
93110 

93161 

93*12 



93263 

933^3 
93364 
93414 
93465 
93S-^S 

93566 
93616 
93666 

93717 

93767 

938jr7 

93867 

93917 
93967 

940 J 7 

94067 

941 16 

94 J 66 
94* i 6 
94*65 

943*5 
94364 
94414 



91403 
91455 
91508 

91561 

91614 
91666 

91719 
91773 
91824 
91876 
91929 
91981 

9*033 
92085 

9*137 
9*l?9 
92241 

9**93 

9*345 

9^397 

92449 
92502 

9*55* 
92603 



9*655 
92706 

9*758 
92809 

92860 

9*911 



9*962 
93013 
93064 

93115 
93160 

93*17 

93*62 

93318 

93}(>9 
93-; *o 

93470 
93 ^^o 



5 ( 
91408 
91461: 

91514 
915*6 
91619' 
91672 

917*4 

91777! 
918291 

91882 

91934 
91986 

9*038 
92091 

9*143 
9*195 
92247 
92298 



7_. i_ 

91413 91418 014*4 
91466 91471^91477 
91519 915*4-915*9 
91572 91 <77;9i5«a 

91624 91630 91635 
91677 9x682 91687 



91730 
91782 

91834 
91887 

91939 
91991 



9*350 
92402 

9*454 

9*505 

9*557 
92609 

92660 
92711 
92763 

92814 
92^65 
92916 

92967 

93018 

93069 

931*0 

93171 
93222 



935 7 1 
93621. 

9367/ 
9372* 
93-72 
938 2 2 

9387* 

939*2 
9357* 

94C22 

94072 

94iai 

94171 
94* « I 
94*70 



93*73 
953*3 
93374 
934*5 

93475 
93526 

93576 
93626 
93676 

93727 

9:.: 7 7 

';3^27 

93877 
93927 

93977 
94027 

94077 

94126 



92044 
92096 
92I48 
92200 

92252 
9*30 4 

9*355 
92407 

9*459 
9*511 
92562 
92614 



92665 
92716 
9*768 



92870 
92921 



931*5 
93176 

931^ 
93*78 
933*8 



91735 91740 

91787 91793 
91840^91845 
9 1892 9i89'7 
91944191950 
92227 1 92002 
920491 



93101 

9*iJ3 
9**05 
9**57 
9*309 
9*361 

9*41* 
92464 
92516 
92567 
92619 



92670 
9272a 
92773 



92819 -97824 



^ji. 



9*97 

930*4 ,, , 

93075 93080 



9*875 
9*9*7 
92978 

930*9 



93131 
93181 

93*3* 



9*054 
92106 

92158 
92210 
92262 
9*314 
92366 
924x8 
9*469 
9*5*1 
9*57* 
92624 



9*674 
92727 

9*778 
92829 
92881 
92932 

92983 
93034 
93C85 
93136 
93186 

[ 93*37 



93*83 93*8» 

, ,93334:93330 

93579 93384 93389 
934i0 93435: 93440 
93480 93485; 93490 
935 .Ui 93536} 93541 



9358i| 93586; 93591 
93631193636193641 
93682 93687; 9369* 
9373* 93737 9374* 
9378^93787.9379* 
95^3* 93837 ?38f2 



94320; 
9^369; 

94419 



94176 
94226 

94*75 
94325 
94374 
944241 



93882' 93887 9389* 
9393* 93937' 9394* 
9398* 939^7. 9399^ 
94032 94037 9404* 
94082 94086 94091 
94*31 94136. 94141 



4 i 5 

L * » 



-- - Y, .' '■■■ - «■ 

94181 94186 94I9I 

94*31 94236 94*40 
94*80 94*85' 94290 
94330 94335! 94340 

914379 94384:943^91 
944*^8 94433 94438 

6 ^TT 



91429 
9148* 

91535 
91587 
91640 
91693 

9174J 

91798 
91850 

91903 
91955 

9*007 

9*059 
92111 

92163 

9**15 
92267 

9*319 
9*37* 
9*4*3 
9*474 
9*5*6 
9*i78 
9*029 

92681 . 
92732 

9*783 
9*834 
92886 

9*9*7 •• 
929)^8 

93039 
93090 

93141 

9319* 
93*4* 

93*93 
93,344 
93394 
93445 
93495 
93546 

9359^ 
93646 

93697 

93747 

93797 

93847 

93897 

93947 

93997 

94047 
94096 

94146 

94196 

94245 

94*93 
94344 

9439^ 
J4443 
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(.-i*»a c!'^ 



975P9'5>7.JV^) 

97:*;7 •1^773^ 

977j7'4'^777: 

978fe3gi?Z^ 

97^1^9 

97 

9^9*^.4 97 -'59 

98ob(3 9«^^5 



:??3<7:nrwU73»7 97331 



9806^^ 



3 
? 

3 
I 

2 

3 
4 
S 
5 

7 

3 

I 

? 

I 

Z 

3 
4 

5 
5 

7. 

3 

? 

3 

i; 
2 

4, 

r 
3, 

?! 



973<^8. 9pm 

97414J y74'9 
97469:97405 
97506I975" 
97551I 21^S7 

975l*j 97^5 
^7644! 9764V 
97690' 976y 
97736J 97740 
V7^Ci 97:86 
^;827 9783^: 

97873 97877 

l979'4f^79i8 979*3 

97964 97968 

98009 98014 



98061 980* '6 

981^7 '9^14^ 
98ifei 98186 
982J1? -98231 
982f?. 98277 
98^548 . ^iii 
9836.11 9836^ 

98408 98414 
9845:19845; 



9805^ 98055 9805 



984518 98501 
985^3 -9854T 
985B8 -9859^ 

986^7!^§S^ 




.16 

9«77* 
96816 



987$ij'987 

987J&7 
988^ 

983j6) 98860 

;98jK>i 

98949 
98y^yi9^9v4 



990341 
990^8 

991*3 



98100 98105 

9^146 98150 
981 yl "9*^95 
98^36 982*' I 
9838i< 9S286 



983*7 
'98371 

98417 
98462 



9842^ 
98466 

•98507! 9fcM 



■98597 



9;St-86 
98731 



9^()5 
98909 

98i;54 



98331 



98607 



7*1641 ^$646 9^650 



9S697 
98735 



98776 98/80 
988?o 9?825 



9^9 »4 



991^7 99i7i 



992(1 
99^55 



99300 9W04 



99344 

99.>^ 

994iJ 



9947< 
995 »o 

995N 
996^ 

996^1 

996^5 



997iv 
9^78^ 
998ie 



99598 
•99283 
99147 



98958 
^8998; 99xr3 ^.,, 

9!^3! 95K>47| ^W* 



9737.; 
^74*4 
9-47C 

97516 

, 97561 

97607 

97653 
97699 

97745 

977V]ki 

97836 



-J5 

97336 

973i^' 
97438 

97474 
97520 

97^6? 
9761a 
97653 
97704 
97749 
97795 
9784J 

97886 



V7882 
979»fi 97931 



97340^ 

.97387 

97433' 

97479; 

9?5^5' 

9761 7r 
97663^ 

9770»^ 
97734 
97^00 

97843 



97973 
98019 

■98064 
98109 



9^*45 
98a{;o 

98336 



9>973 
98013 

^806 

981 14 

9Si/y 



98200 9810^ 



9^376 98381 



9^250 

9829' 

9834^^ 

9^3» 

98430 

984-5 
9852c 

98565 

9?6ro 

_ , 9^655 



98426 

98471 
98516 
9^56^ 
98605 



907401 
987^4 



9874^ 
98-89 



98«2./9^^34 



9^74 
'98918 

989^ 
99007 



99^60 



99087; 9909* 99096 
99i3i|9yi36[ 9914c 
99176 07180! 99185 



:99*f# 99220 yy224! 9>22 



99348 

99399 
99436 

.9V48o 

995*4 
995"8 
j996io 

'99656 
9;6^ 

9:^743 

99787 



99264 99269' 9P273 
993c8 993131^9317 



9935 »( 993571 993^1 

993961 

99441 



97484 9948Q' 99493 
995^8 99533 99537 
99571 99577 995^1 



9/498|99504. 
99541 9954^. 

.. 99585995*^5 

9'y6i6 9y6«l 99625 99649199634 



99704 



99747 

9979» 
9V^3A 



9^8^ft <99874l 9 878.996^31.99^7 



999l.^ 

999$ 5 

o » 



99957. 999a* 
9^6lj ppi>3 



% /> 



99401 { 99^^05 994x0 



99100 
99M5 



99133 
9'y277 
99311 



•o- 



"97*9.1 
97937 
97981 
^So28 

98073 
9811 8 

95J164 
98209 

9'<*54 
'9'<«99 
9834; 
98390 

9^435 
9X4KC 

9X570 
9^14 
9865^9 

937c 4 

98749 
98593' 
98838 

98917 
98972 
9901^ 



9794' 

97987 
9^032 

98078 
p8i23 

98168 
98M4 

98.^04 

9834^) 
98j9f4 

y8439 
98484 
985t<> 

9^575 

981^1^ ^#1^ 



98878 

98^^3 
98967 

99012 
99056 99061 



99069f.99P74 
99109 99firj 995 r8 

99«34 99a58f5'^6i 

99189 } 99'93 99«98 /^io% 

'^ 9914? 99247 

P9286 97291 

99330 99335 

99366^99370 99374 99379 

.,^ -, ,,^^^ 994x0 .99414 994x9, 99413 

99445 - ^9449 ] 99454f 99458 99463 99467 

99506 y;^!! 



99^106 
99*49 



99938 

99183 
993a6 



::* 



,^J 



9734^'9735<='-9Wj4 
9739X 9739<5 97^^ 
97437 97441 5it<^^ 
^7483 97488 ^im . . 
97 SH 97^34 9Zn9 ^ 
9^575 97580 yjsBi 

97^11, 97616 ^^7635 5 

y7^r^6Ti>^-^6^ 

977x3 977x7 ;977 ' 
i>7759 S>7763 9tr 
5^7804, 97809 91m 
?785jO 97855 27g!2 
97896 9790^ 979?i 



-< k 

f , 



9?9^ -5>7y3a 
97«99i Sm^ 

98037 ??^ 

9808: 

9812V ' 

981173^2177 
i^lr8 98*^13 
98161 98^4.8 
983^8^ $85tA 



, 98041 

98^3*1 



9^354 9^^38 
98399 984^.^ 

9844^:9544? 
^8489 984/ 
9^34-9853 

98^C8l <?a^7J 

9.^^> 9§7*7 



98667r 

9575^^87.58 98^6i 
98798 -v88gt-. 98807 

98A4.1 1/8847-98851 
98d87j.v88^;y88:^ 
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5-3I3' .9 




10.69541 


1.31164 


4-90"9.li 


i9 


i). 30511 


9.^5096 


5-3 > 4 -' 


10.009c 4 


10.69479 


1-31,188 


4-90IC4 11 


IP 


9-30581 


999093 


g-314 ' 


100090; 


10,69418 


.3-3 IJ" 


4, 60188 If 




930643 


9.99091 


9-315 £ 


10-00909 


ic.693[r 


3-31635 


490173 "g 


11 

4. 


9..1OT04 


9.99088 


9.316 ^4 
9.316 1 


10.00911 


10.691961 


'.3"."» 


4-901 J 7 


13 


;-307ftj 


9.990^- 


10.009 1 4 


io.i9i-..< 


3.3'K»i 


-19014 J 


■7 




9.3cei6 


9.99083 


9.317. - 


10-0091 7 




^■3100" 






V30«87 




9.3,8. M 


lo.coyio 


.0:69.1,; 


.1-31"* 


4-90JI1 'J 




9-30947 




9.31870110.68130 


10.00911 


10.69053 




4.90095 14 




93100) 


>V)^7S 


9.3.935 '0-68067 


10 00915 


10,68991 


.1-31373 


4.9008013 


>} 


g..-!lc6gg.99C71 


9-31996! 'O-6S004 


.ccojiS 


IO.6B9.3: 


3-.-1l«i 


4.90064 ll 






9,310591067941 
9-31111 10.67878 


io,oo93.> 


>o.6»87i 


1.3'6l7 


4-90049." 




9.311899-95067 


'i.^S 


I0.58KI1 


.1-317,19 


4.90033 't 


p 


9-31*509-99064 


9,3118.. 10,67815 


10,687 !C 


3-31861 


4.90018 9 


13 


J-3<3lc|y.99D6i 


9.3*148 10,57751 


10,00938 


10.68690 


3-.ii983 


4.9C001I 8 


S.l 


;- 3 '370,9.99059 


9-31311 10.67689 10,00941 


10,68630 


3-33104 


V89986 




!■■ 


J-3i410[999O'fi 


0-11.1 7.1110-6761; 


10.00944 


10,6^570 


333116 


1-S.J97I 




S3 


9-3i-:9°;i'-rS<'J4 


9.31436J10-67564 


10,00946 


io,&Bjio 


3.33347 


(-S9V55 






9-3'5*9;9y90J" 


9-3l498|"o.67joi 


10,00949 


10-68431 


333468 


4.K9940 




n 


9.316099.99048 


9.3156110,6743.) 


10,00951 


fO,6K39i 


3 -'3589 


4-899H 






9.31W9I9.99046 9- 3161310.6737 7 


10,00954 


,0,6833, 


i-3.i709 


4-89909 






9-3i7Hl|9-99043 9-.J»M5l'0-*73i5 


1000957 


,0.68,71 


3.33830 


4.89893 


I 


i 


, ;i:eg9.9904o 


9,31747 10.67153 


1000960 


io.6fliii 


1-339.10 


4.8^877 




_ 


^iW)iie 


Sine 


C-..U-.I T.ng. 


Co-lec. ' SttBOI ' 


V. dLDl 


i' 



(78 Deg.) 



(lA i)«g-) SiUesi TasgeiitB,^ Secants, Su. t$ 



Table of Logaritbmic {13 Deg.) 



( De|. 14) Staes, Tangents, Secaots, Sec. 



Table of Logarithmic (t j Deg.) 



I7liJ.410.;l[y,9!'4jrt 



lE^ 



■■>-9^- 







II 9 453;j'9.e84i5 
5iIV-I»j:o,9.9*4i(, .,. 

1 4 ^9-t t4'o 9.9841 i| 9.44-:i 

~(,9-4146j{9.9S4oa9 jM-3i 

;69-4W?79'9S40! 

;? 7'4MJS 9.9! -01 
i3 91iJ93 9-93wS 
I9 9 4l'i4)9.;S,l^,:9- 

;o.9.4aag-i q.dSjt! .»;41 9 9! '0-Jj/Ji 
jf'9";i7.15 9-^iiKSn;.44J48jio.jj6_7; 
?• 9.41781 *5)giH4]9.44.i97io.j56o: 

339-4ifii69.9g.i8r - '' 

.-,45-41871 9.s8;,77:9.4449J[ 
iS 9-41917 9-<l^.%7i,9- " 

.t6 9-4M^ 9.98.i7j V 

37.9.4300V y.yf!iC.C,.^.44(.4oljo.J. 
.l8'9-430J3 9-9^.16*9 ■.■4'>9'';'0.J, 
T0 9.4.1o;8 9.9B 1599. J 17.18)10.15111111 
' fa-).itiAi a.afl'.ii,ii..'i?!t?lio.([2ii!i 



43 9.43173 
44I9.43323. . - , ., 

IJ 9-43367 S-J^JlK 9.45011 

ifi 9.4341. 9.9X334 9 4.W78 "o.54^a; 

i; 9-434Jf 9.9'!.l3i.9.4Jii6 '" "«'■ 

18 9-4f.to* 9J>S3'7y-^ "- 

19 9-4JJ46 9-9*314 9< 

;0 9-435iJ"9-9Kj»''9., 

;> 9-43^35 9-9''3'79-4S3>9 

;i 9.446809.983139.4^367 

:3 9-437»4y-9S3099,454ij 

;4 9-«3''^9 9 .9'''"'^ 9-4)4^3 

;j9-438'39-9S.Pi9-4J.l. 

•6 9iiii7 9-9^199 g-AS;s9 

■7 9.4J901 9.98i9S|9,4j6o6 

j8j9-4J94<9-7*'9i:9-4j6j4 I 

59 9'4j99a9-9*i88'9.4570ip°-54i98i 
^ 9-44J.U 9.98184 19-45750 



(^6 I3W£0 Sines, Taogntar Sccaats, Sec 4f 



Tabu of lAgtrithtnie (17 Dcg.) 



(i8 Deg.) Sioa, Tgnientf, Secant), 6m. j,| 



- TABLE-ofLogftrfthmre (iftieg.^ 



(isScg,) SUu, Tngeolt, ScBtsci, Su. ^ 






TaHle of Logarithxnie (%i Dcg^) 



fi Sine 



0V55433 
I&.55466 

» 9-55499 
39i5i3a 

4 9.35564 

5 9.55597 



s 



9.97^15 is^iii 

9.970059.5849^ 

9.97001 5;.5 8531 

9.969916 9.58569 

^^ ^-^ , . 9.^^99^ 9.58606 

6 9.55630 9.96986 f5<644 

7 9-55663;9.9298'^ y.58681 

S9-5569i'9-9^97<fe-587i9 
9 9-55718 9-9697ifc.58757 

9.55 761 I9.96966I9.58794 

1 9-«7W|y-9696-|9.3Bb3a 



„w.^^,, , , J..- „- -^ 10.03038 

« 9..558a6 J9.96957 9.5886^ 1041^3* iao3043 

3 9-55858 9-9695 i >/.5iJy07 iw.4ic93 10.03048 

4 9'5589iV-96i;^ 7 9.58944 10.41056 10.03053 

5 9.55^»J'9-969 2^58^8110.41 1910.03,-58 
6y-55956'9-96>37 9-59019 10.40981 fo.0306, 
7 9.559^9-96934 959056 io.40^>44 10.03068 
8>56o2i!9-96y»7 y.59<.94io.40y06 10.03073 

:^ 9.56053 

» >-56oi)5 
ii 9-561x8 



B 



■s 



lo^ta ng.y Secant Co-frc. V, Sincj | 

ia4X58ijio.oa985 10.44567 j.82i3o'4.8c7a9 6c 
io.4»545 10.01990 10.44534 3-8a298' 4.80810 ?9 
iaoi995 ro.44501 3.833^48069158 
10.01999 io-»44683 92434 4.80673 S: 
iao3004 io^44436;3-8i5o2 480655 56 
10.03009 10.44403 !3i8a5 70 4.80637 35 



1041507 
10.4X46 ; 

1041431 
10.41494 
10.41356 



10.41319 
Ia4ii8i 

10.41143 
ia4i2c6 

10.41*68 

1 



13 9.50181 
[4 9*^6115 

15 9.5 614 7 

16 9.56»7y 
179.56311 

l8y-i634i 
»9 9.5637j 
%o 9.56406 



}7 9-56631 
^89.56663 
$9*9.566545 

40 9.567»7 



9.;0833'9.5979(/; 10.40101 
9.96818195983$ io.<,oi65 
9.90823 9.59872 10.40128 
9.96818 0.59909 ia4009i 

•^|9-56759}9«968i3!9.59946 10.40054 

4a 9.56790 



9-96922 y-5yi3i 10.40869 
9.96917 9.5yl6iJ 10.40832 
9.9691^ »;.5*yi05.lo.40795 

\2 y.5 6150 9-96907 959143 10.40757 

" 9-96903)9.59180 l-.4^7»c 
9^689 8 9.59317 10.40683 

9.9689319.59354 10.40646 
9.96886; 9.5939 1' 10.40609 



9.96883 



V-5y4l9!«0.4C57i 



y .y68 7 »9.5 9466J 10.40534 

y-96"873 
9.96868 



•i.59503 10.4049 

'>57540 10u|04<K; 



$ik|.5644C 996^63y.59577 10.40413 

329.56472 y. 9085 819.596 14 10.40386 

33,9-56504 9-9^^S;i 9-59651 io.4034y 
J4^9-56j3C y 96JJ48 9.59688* 10.403 12 

35 9-56568 9 96843 9^597*5^0.40275 

36 |9'5659 9| y 96838 9.59762110.40138 



;i; 



9jj|i^8o8j9.59983 10.4001 7 

43 9.5~dii2 9'968o3'9.6ooi9 10.39981 

44 9.56854 9-96798'9.6co56 10.39944 

45 9.56886 9..96793J9.60093 10.39967 
469.56917 9-967889.60x30 10.39870 



10.0:^0x410.44370 3-82638 



XO.03019 10.44337 3.^705 
10.03024! 10.44.105 3.82773 
10.03029x0.44272 
io.03034'lo.44239 



IC.0307'' 
10.0308.: 
• 0.03088 
10.03093 
10.03097 

I3 031.J2 



ia03i27 
I \03 132 

10.C3137 
1003141 
10.03x47 
iao3X52 
10.03x57 
10.03x62 



i 0.03 1 07 
10.03x12 
10.03117 
iao3i2i|ic.43657 



10.44207 

10^44174 

10^^4x42 

10.44109 

ro.44077 
(0.44044 

0.44012 
'^•43979 
10.43947 
10.439'.' 
' .•.43«'<a 
ia438.*o 

XO.43818 
10.4378^ 

Ao.4375.^ 
'^.43711 
10.4368, 



10.43625 
10.4 35 9 » 
10<|56c 
10.435 28 

xo-4349'' 
10.4346.J 
'0.43432 
10.4340X 



10.43369 184714 



X0.03X67 

10.03171I10.43337 



♦Z 9.56949i9-967839.6oi66.xa3y834 

48 ^.569 jc [9:967789.60203.ia3979y ^^ ._^^ 

♦9 9.57oi»9-9677a!9.6o240*io.3976b 10,03228 xb.4198'' 



»->-43305 

10.431)7 

10.45241 

10. M-* f 



iao3i77 
10.03x81 
10.03x87 

io.ojxy2 

10.03197,10.^3 i7iS 
iao32oa;io.43r46 
xo.o3207io.4;iij 
10.03212 10^13083 
xo.032X7ro.43O5i 

10^3232 10.43020 



1^.57044 9.96767 9.6027^ ia39724Jxao3233 10.42956 

«o 03238 xo 43925 

^^f—u'- ••" ' —' "^ " *^^-°3*43 10 42893 

9.57138 9-9^75a9-6o3W XO.396X4; 10.03248 10.43862 

W-J7l69 9i»6747 9.60433;ia3957$| io.03253 XO.4283X 



559.57201 9.96743 9.60-459 

!^9-57333 9-95737 9-6oi9l 



10-39541 

.^- - ,. -^.,. ._ '^-39505 
&.57»64 9-9^73* 9-60532 *c,39468 
^-57395 9-9*^>7 9-6d5§I '<^3943» 



[^9.5 733619.967^3 9.60605] 10.39395 



(68 Dc^.y 



.82^41 
3.82908 
3.82976 
383044 
3-83111 

3-83x78 
J.83246 

383313 

38338r 
3.83448 

>835»i 
.^83582 

.^83641; 
V837i^. 

^83783 ^ . 
3^8.^85 |4.8o28e 

(.80267 
4.80249 



3 39>7 
3.8398 
{.84050 4.80230 



3.M1: 
.^84183 



3.84781 
V84847 
3-84913 
384979 

185045 



185111 
385176 

3.tJ5242 
.1.85308 

.1.85374 
'».J?r439 



.^•85505 



i.8o6i8| 54 

4.80O00 5I 
52 
5» 
5 
4\ 
4> 



4.8058X 
4.80563 
4.^0545 
4.80526 

4J0508 

4.80489 

4.80471 



4.80452 
4.80434 
4.80415- 
4.80397 4; 



AS 
44 

43 



4.80212 
•.•80193 



:-8iMo 4 80x75 

,.84^64^80x56 

?.84383 
1-8444V 

3-8451^' 
^845 82 
3.8464 



4-^013 
4.801 Xy 
4.8010c 
4.80C82 
4.8006^ 



A.bJ^AS 
4.^0026 
4.80007 

4.79989 
4.79970 
4^79952 

4.79933 
4.79914 
4.79896 

4.79877 
4.79858 

4.79840 



4-7982X 



3.855704.79802 
3.856364.79784 
3857014.79765 
3.857674.79746 
3^^5833 479728 



X0.032J8. 10.42799 385897U.79709 
r 0.03 263 xo.42768;3 85962 4.7969c 
10.0 u68 xo.42736|3.86o28U-79^'/i 



1003173 X0.42705 3.86093^4.79653 
fo.fMif 8 70:4265^ 3.86i<t« 4-79634 
xao3283 T0.42642'.*;^iii 4.7961^ 

i'aoecnt Co*fec. < •acv.^nt . \ . dine 



4.803 78^4 » 
4.80360 
.8034X 39 
430323(3'' 
4.80304 

36 

34 

33 
32 

3' 

'A 

3; 

26 

2^5 

24 

231 

la 
II 

20 

19 

li 

17 
16 

T5 
»4 
13 

12 

rx 

10 

I 

f 
6 

"5 

4 

3 
til 



X£ 



m 



(i3 X}eg.) Sinn, Tm^U, Secwts. fcc 95. 



7ablC of LogtrMimc (ftj Deg.) 



"{,6^'iyt^} ' 



^14 I^cg- ) Sinei, Taitgents, Secants, &c. 



.01 1869.96011 

i.filiI49.9'pOn 

14IV.9A011 

- 1 70 j -jfalOj ^ 

i.6i»(»S 9.96000 K- 

',61.1169 9J9V4 

' 61381 V-M?Si ,, 
i.6l4tI-9-W9T7»- 
i.6t4ja v.9. t97' " 
i.6i466,9.VJ(.6j 



j6h68 
/6j6oi 

■6j7Jv 



t69.jj81Sj 
l'/9J«7J 

l<M/P5£44 

jfl9-9iSi; 
it%9j8i,' 

HS.9J792 

».«9-9J7W>. 

f0^9-9j;8= 

?7)l.9jr7i 

=.' p-9J " 

1jl9J57ftj 

WJ9.i»j7ii 
1*9.9374.' 



7»B?. 



re _^ - 



5.-Uio8| 

'.14*71 i 
10-34933 : 
: 0.34 904 

10.j4li70 

10.34836 
■.3480J 

•347*h) 



loojs.iS 

io ojy44 
1 0.0 J9 JO 

3.039(11 

).o.t55« 
J.M971 
J,03;)78 
>.0J9S3 
J.OJ98. 



IOJM3 
; 0.3439!" 
!"34364 ■ 



'<^34' . 
10..i4i64 
.'i5?7o'0-JI»30i 
.6(Bo,ilio.34n,ji 
.'■3837; 10.14 163 
6oN-,jlo.34i. 
.o.i 9^4! 10.34096 
*.5s 93 7110.34063 
(.6j97i|ia3,oi9 
i.6io04'lD.3399'' 
1.6603816.33961 
(.660;i|lo.339i( 
i.66l 04.1 0.3 3X9611 
).66l38;io.3386: ' 
9.6617110.33819 
.66304' 10.33 ^96 
" "'»=>-.'37fi: 



1.661; 






j.i63O4|tJ.3jO90 
y, 66337(10.33663. 
;.66j7i;io.336»9: 
^ 66404 ia33J96:: 
^66437''0-33J63| 
■■6r,47o to.3mo 
.6(.303lO3349r' 
.,66i37l'»3J46.V" 
ii,66j;o; 10.33430, 
I.66603I1O.J3397. 
1,66636,10.33364, 
).666^g'ip.3333i. 
j.66;oi'io.33i9g; 
U.6673(tio.3ji6j' 
) 66768:10.3313111 
y.66Koi 1 10^3311)9!' 
^683 41 10-33 1*6' 
■66867| io.33l33 ^ 
Co nil 



ia04t44 
IO.O41i0 . 

io.o4ij6{fi 

10.041 73li 

IO«J I 79 



,„ ,, .■JT31J1'' 
." ..937,'*4.7;3'.(:.V 
- 3-9379* 4.77186 Ji 



iSji; 1-9 Jv; 

i«899 t-9403 J 

,n8;! 3-94094 



^38rj«J-94J,lc 
..1S7.ID 3 94i8v- 



3 3M674 

a-3«64'' 
3.3661* 
=■■38589 



3-3*<338 



10.38155 



4.77169151 
.771495' 
130^1 



4?7« 



4.77071 ,,, 

4-7 -05146 
4.77011 « 
.7701344 
■76993 1 43 
.76974141 
30 4 76954)4 
!i *.;''!l34'4i 



i .I-9444 
394^; 
3-94.566 
3.94614 
J.946K3 
3*ji47;i 
3 9-)eoi 

-lOiDIi j W^l'5.|..,.yJ^..- 
10.3347a 3-949l6|4..69i5l39 
I0.1S41C 3-94^76 4.7689.(138 

--/iOJ' 4.7^87637 

.;t85_S-36 

g.„.j., '76836135 

J.3'*310 3 9Ji<D'4-768l7 34 
1.383 r I 3-93 s6B!4-;6 797 J33 
1.38 183 J-9i3»64.7677K|31 
.8i55.l-,iJ38j'4.767l8|3t 
.8ii? 39J .443 4-7673_8 3a 
3.95501 4.76719 
3 95339,4.76699 
3-93617*76679 
j.jo.,,,.i.95S7J 4.76660 
;.3So89]3.95733 4.76640 
" " " 17914^76630 



38194 i-.95;9! 



7709T 



[Jb 10.3)1034 J.9J'!49 4.766CFt; 



3.38006 
^37979 
'■379J1 
3-37914 
^'■378 ■ 



3939074.76581 
3-93963 4-76561 
3.96013 4-76541 
]. 96^*0 4.76511 
•,.56138 4.76501 



>■ 3 7 869-3. 96 1 90 4-76481 
'.3784113.951544-76453 



[ao4i''j 10-378141.1.96311 4 76443 






i.37786;.l.963^9 4.76413 



3,04!Oi(: 1 0.37704 3,96 414.76364 
J.01114LIC.17677L1.96599 4.76344 
3-04HO, 1 0.3 7 65 o 3 . 9 66.? 6 4- "63 1 5 
5.04aa5iio.376ii'3.967l3 4-76305 
5.0413 1 , 1 c. 3 7595 3-96 7 70 4-76185 
^04 JJ 7 1 1 '-37 '68 :396818 476165 
IC.Q414J io.3>.i4l 3 9M85 4-76i4< 
lo.Q4149|'*375'43 96941 4-;6ii6 
'0-0415.S 110.37487 3 96999 4.76106 
■'O^33i99i">-O4i6ljio.i7459"3-970J 64-76186 
.io-33i66'io.a4i67,lD-3743i3.97ii3 4.76i6''. ll 
10.33133 rr.04 i7iio.3;4o.. 3 oTi7^ ^ iAj^ H 
fi':,rgrn: [ Po-frc ,. SetT-n. I 1 T °r^*^ 



^ Tas£x of Logarithm (if l^^g') 



' t 



^ifi tie^j) ■ {Jinn, Tangents, Secants, &c> f^ 



100 Table of Logaritfifnlc (17 Deg.^ 



(flfi Bcgr) Sines, Tangonts, Secants, &c. 



,.Sj7fii 



;.67iB- 
^67303 
. J-<>7ii7 
" 767.1 .f^ 
V y-67J: 



— : y-945!i7 )'7ijJ« 10.1740: 
■JO? > ■»4j8o?.TI&i8 io.*737 
U-i4J7!9-7"6j9lo.l7.!4i 
9.1/4.-67 W.7i6*;IOt7]f 

■J4j6o:; 71713 io.t7i8 

■JASSi9-J_Vlp 'P-171JI 

■y4J469-7i;8j 10^1711. 

■94.1409 T18IT >n*-'« 

■W.(3.!»;»!'4 



>?.l9S7»4,!i69-?»87J 



s 



^.-'J43- 
^A!44J 
°''J447 
"-0J4J4 
o.o.T46>^ 
0.0^467 
°.OJ474 
OOJ4'il 
O.OJ48- 
d.OJ4y.i 



;.tJ4iC /94J 19 9-;J90i "0-17J9" 
: 9.'';4^J 9-?4iii 9. 7ii;3*, 10.1706? 
ijl.j.674*iS;^ 94<w9 719'',) 10.17037 
I4iy.674«ijy 9449y^-7i:'9.1 '° ^T^ 
'i|;>67jijl9.9449i9.J3oij 10,16^7; 
»t^9-6jj3y|ii.944?Jiy.73'3J4;'<l-i''M6 
fJ.i'-*7i'>i'i).94479V73o<(4''0-i<>9i''':-oj"> 
iB|.j.67jg6y9447i 9.7JI14 io.i61lBf. 10.0J518 

lV/676o^|9.^446i 9-7JI44|'0.l6aj6 -- 

-3,j.6;6ji'»944jM]9'7Ji7(|13-»68ij- ,c.;.s,4i 
.I|y,6;fis6'9.y44jl J-TJlOj io.i6;9J io.Oj}49 
ti!y.S76^o'9 944« il'73i.i5 '°-**76j IO.O!5J- 
»JiJ-6J70,^!9■y^4.i8 *.7Ji6j lo.s673i.io.o!i6 
i*M7;i6i 9.94j^U J.7JJT io .i670Jiaei ';A 
*s\v6}7S°.9-9**^- /-lii^' "o-l66;4.jo.oj j ■ 
»*I?-*77739'944I7 ll.73iie 10. 16644 lo.OjjS 
17;J.677j6y.D44io3.73jd6io.^65i4i3.oj:|- 
iBi^678lO9.i)4404 J.7341'' 10.16584; i0.O5"!96 
-i> *6;843 9-943?: ).7J446 10:6jj4 iaoj<>oj 
JO ^6 7866 9. 943 sio hH7f' 10-16514 10 0'6ic 
i' J.i>7iitd9-9*3S: )-73S'^7 iQ.i6493'io,Ojtiir 
31 ^-67913 V 943 76 il 7.U3! 10-16463; 10.05614 
33 /.ft 7930 9.943^9 9,7.5.(67 10.36433 
'■ >.6'9.iy,ii.9436i^.7.'(J9! fO-i64^ 
f.^ /67/iii'9-94,«i y.73617 'o-i637,J 
** !'-6)loo6 i9 94 j4y »736j 7 '0-_l6j43 
?7 9.6*ii/i,.94j4, /.736S7 LO.16313 
9.6805119,9431, ;.7j7i7io,i6iH3 
J9 /-W07j'9 943if 9 73747 iai6ljj 
i.6«09S|9.943ii J.73777 10.16113 
1.681119.94314/7380710.151^,3 
'■'"'M4 9:94307 ?.7.i83 ; 10.16103 
I. OS 107 9, 94 joe 9.73»t>7 10.1613"^ 
„^.68i90 9.y4i<j3 /73897 10.16103 
1 11-681139.94186 /7J917 10.16073 
■■■ '■'ii379 94179 '} 739J7 10.S604- 



10.05 'JJB 

10.OJ665 
1005571 
10,05679 
1005(86 
i'^-056 ii3 
iao57oo 
- 05707 



t7y.68i6o9.94i7j9.73,,itj 10.16013 
lK9 6^lSly.54l66/ 74017 10.15583 
ly 9-6B35}i9 941J5 9.74047 10.1597^ 
;^ ^683iS3.)4ij, 9.7407 7 10,15913 
il 9.6835 1-9.94143 9 74107 10.15893 io"57,':5 
r» ^.68374 9.941,8 9.74136 IO-I5864 10.05761 
r3W-*8397 9,./4iji 9.74166.10.15834 10.05769 
r4 ^.66410; . 941 ;;! J.;4i96 io.i5i!j4 10.05776 
;5j.6844J'9.94ii7|>''4i»o!>oi!774 100578.!, 
;6 9-68460 9,94Ho]9 74156110.15744 10.05790 
;: ;.684899,94i03 9-7418*10-15714 lo-oj797 
if J.6ejii9 94i96 9 743l6,>0.i5684 10.05804. 
i9/*''J34 9-94l899-74.1451lo.i5655!iQ.058ii| 
jo ?.63j5 7:9.94l8l9;743 75. 1°. 15615 i'J-05618' 
~"" " "f . Co-tMi-- l^ng. I Co-Eec 









0.0571 
0.05711 
10,05717 
10-05734 

jyij 10.05741 

iai59i3 1005748 
•'■-"' ■oSJfS 



.3i8i9U.^a.t^ , . 
.3181514.0688^4., 

3J'9i4.36j3j4.; ._,, 
-3i76S4-c6,j9C.,7i40^, 

J1744--0704C4. 

.,i :7io]4-07O9i . 

31697 : 
■3 167,! 4- 



. .^0|4.0;i4i4 
,ii6i(;4-0719- ■ 



.3:48.1 
0-3i4.?8 



4-07544 4. 



4.71314 ■ 
1-7118/; 

n4-7ii<S-< 



4;711fej, 
^71197:.! 
4-71176I, 
. - 4.7>tJ5|.( 
.oj645|4.Ti(j4|j 
■'=?695|4-7HIl'4 
■OU45 ' 4.71oOl 'i 
4-O7795,4-7-^70i 
■07845 4.71049 '4 
.078^5 4.710,8 ■, 
4-079454.71007': 
4-0799514.7158511 
1.8^4,' ' 4.71 964 ';. 
■»/5 4 7'943i; 
i'45>-7l9*l',1 
;S 19514. 71901 1 1 



".31064 
.31041 

.31018 



-'19: 



0.31856 
318.W 



ii763 



4.o3 



,0!il45'4.7lB79 3 
4.08194,4.? 1856 1 
4.o8,i4j4.71«,17 'i 
4-o8j94 4.7I<iiO 1 
4.oP444'4-7'79lU 
4cB49i*7«773- 
-.08543 4-717511 
. .08591 4-71 7.»li 
4.oB64i4-_7i;09i 
4.o'8S9i 4.7 1 (S 88, i 
4.08741 4-;"66 /la 
4-o8:9[4-7ifi46'j 
4-0884- 4-7l6;i', 
4-C38S9 4.711; 
4.o3o■^Q 4-715 

'4.7M"<Ji 
4.OJ0JK 4-715391 
4.09587 4-7rS'8 I 
4^39136 4-7'4;i I 



-091^, 



■71475 1 



,-lt7''< 4-Oji35 <?U54 I 
-3-o,.,J4.09id4 4-7143*1 
.316754.09,13,14-71411 1 
0.3164914,09381471389 
'1614.094314-71368 



0.315! 

a3i48S 
0.31466 

l''3 



4-09430*71 
4.095194-71315 
4-095784.71304' 
4.09617471181 
4,096764,71161 
+09715 4- 7 '140 
4-09774 4-7 "'8 
4.098*3 4-7.'" 
'V.Sinc 



iroi 



Table of Logarithmic (29 Deg.) 






c 
I 

3 

.3 

4 

6 



biuc 



Ci>-iiiic I .) . ICo-i III -.1 .*> • t 



9.941829743/^ 
;.68j8c 9.94175 9-7440.'; 
9.68603 9.94108 9-74435 
>68623 9.94161 9.;44&v 

9.6864t5V94i54'V-744?4 
7.68671 9.941479-74324 
9.686941 9 9'^ MO 9- 4554 



•i 



7 9.68iiov.y4i3.i9-74iJ.> 

Ji|y-6l{739 ?-94i26 9.7401.^ 

9 9.62^761 9.94 "9 9-7464; 

109.687849941119-7467; 

Xi!9.688:»7 9-94105 9-74702 

I2'9.688i9 9,94098 97473^ 

13 9;6885a 9.94090 9. 74 762 

14 9-6^873 9.940.^3 9-74791 
^3 9.68097 9.94076 9.74811 
169.68920 9.94069 9 7485 1 

17 9.68942 9.940(^2 9.74880 

18 9.68965 19 .94055 9 74910 

. 19 9-«>^9t'7 9.94048 9-749.1 ; 
209.690109.94041 9.7496 

21 9-69032 9.940.14 9- 74998 

22 969055 9-940^7,9. 75 02:1 

23 9-^77 9-940*^:9- 7503& 

24 9«69i oo i 9.940 1 a ! 9. 7508 

%S 9.69123 9.940OJ !y.7J 1 1 
%6 9169144 9-9399^19-75146 
27 9.69167 9.93991 9.75 » 76 
189.691899.93984 
299.692x29.93977 
30 9.69234 9.9.;970 

319.6925619.93903 
a ^69279 9.939^5 



I 



_i 9-6930.1 9-93948 
3419-69323 9.93941 

S5i9-69J45 9-93934 
36i 9.<.936%.93927 

37|9-6939o|9»939^^ 
i« 9694 U 9-939" 
39 969^34 993905 
409.694569.93898 
41 9.69479 9.93891 



4^1 9.695 01 



'4'3te-695i3.9-93i^76 
44 9*69545 i?-9a?69 
4519-695679-93861 

4«>:9-69589 9 93855 
4719.696119.93847 
4B 9.69633 9-93^40 

49;9-69655 9-9383. 
50(9.69677 9.9384f 

5119.696999.9381^ 

5> 9^97*1 9 93«u 
539697439-93804 



:^:2379 

5119.69787 9.9378( 
56^.698099.93782 

5? 9-69831 9 9377.* 
i» 969853 9-9376f 
JJ 9.69875 9.9376c 
v ^9-69897 9-937.<3 



9-75105 

9- 75*35 
9-75264 

9-75194 
9-753^3 
9-75.15.^ 
9.75*381 
y.754ii 
9^;544l 



;-7547© 
9-7550^ 
9^75519 
9-73558 
9.7558^ 



9-938Ji4 9.75617 



9-7564: 
9-75676 

9-75703 
/ 75 735 
^75764 

?.753i2 



;-76b27 
^76056 
;.:^6o86 

; 761 15 

;-76l44 



■^» 



i.o-tan 



0.250 25 
0.1559.5 
0.25565 

0.15535 
0.1J5 ^ 

0.1547'^ 
0.2544'J 



o.ij4i; 

0.253^" 

0.15357 
0.25327 

0. 25 2yS 
0.35268 



0.25 23fc 
0.24209 
C.25X79 

0.35149 
0.25120 

0.2509c 



0.25061 

0.25031 

0.25003 
0.24972 
0.249<»3 
0.14913 
0.24883 

o 34ii54 
0.24824 

o.»4795 
0.24765 

0.14736 



0.24706 
0.24677 
o 24647 
0.24618 
0.24589 

0.14559 



0..5815 
0.05832 
ox)5339 
0.05846 
0.05 S.i 3 
005S60 

o.o'jVT? 
o.o<874 
0.05881 
oos88(> 
0.C5295 

0.r.KtfQ2 

u.v..5yIC 
005917 

O.C5924 
0.05931 

o.c593b 
0.05945 



0.24530 
0.245CO 

0.24471 
0.14441 
0.24412 

0.24383 

0.24353 
0.24314 

0.24295 

0.24265 

a 24236 

^0.24207 

0.24178 
0.24148 

0.341 19 
0.24090 
0.24061 
0.24031 



0.34002 JOC62II 

0.^3; 73 io.*62i8 
0.13944 1006225 
0.239x4 Id.c6332 
0.23885 10.06240 
6.33856 10.06247 
Tanjrent* Co-Rc. 



0.05957 

O.O.si^rc; 
0.05906 

0-0597.^ 

0.0598c 

acv>8S 



•05995 

0.C<»002 

:o.o6oo<, 
0.06016 
0.06023 
ao6o3o 

0.06037 
o 06045 
C.C605 2 
0.06059 
0.06066 
;o.o6o73 



0.0608c 
9.o6c88 
0.0 6c 95 
o.c6ca2 
0.C6109 
0.C6116 



o.v 6124 
0.0613 J 
0.06136 
•o6i4j 
0-C6153 
0.0616c 



0.06167 
C.06174 
c.o6i$i 
0.06 i8y 
0^6196 
0.06203 



^.;1443 

0.31420 

2..ii39' 
0.3 1 3 75 

0.31.^51 

C..^>I319 

o.3i.;o6 



4-09823 



4- 

4- 
4- 
4- 
4. 

A. 

4. 



0.31261 
0.312384. 

0.3121614. 

C.3II93I4. 

3II7l'4. 



031148.4. 
0.311354- 
o-3ii03!4. 
o.3ioSoi4. 
0.310584. 
0^310354. 
-•.>Aol3[4. 



3'>;90,4-W794 



0.30^08 4. 

03C9454 
030913.4 
c. 30900*4 

^.30878 

n.30856 

^^•30833 

0.30811 

0.307884. 

0.30766I4. 

030734 

^3<^7ai 
C.3C699 

0.30677 

0.30655 

0.3^632 

o»3oSic 
03058a 
0.3C566 

0.30544 
0.30531 
0.30499 



4- 
4 
4- 
4 

4. 
4- 
4^ 
4. 
4- 

4- 



0.30477 

«.30455 
c^3043.» 
-3.304 II 
o.3038>i 
n.3036; 



030345 
0.30323 

0.30301 

0.30279 

0.30257 



0.30213 
0.30191 

<^.3«i69|4. 

0.30147 
0.30125 

^'^OIOI 



»uwant 



4. 

^!' 
4. 
4. 
4. 
4. 

4- 
4. 



08734.71175159 
4.7^154i58 

4.7H32:57 
4-71111156 
4.7108955 

4.7lo.'.8 54 



0921 
0969 
0018 
0067 
0115 

OJ^4 
Ollj 
261 
Olio 



035^4-7096049 



040: 



0455 

0504 

0601 
0649I4.70831 



069: 



074( 



0842 
c^9i 
0939 
09^7^ 



'Oj5 
ic8j; 

1131 
1179 

1227 

1275 



1467 

1563 
i6ii 
1658 
170ft 



1897 



1993 

1939 
208; 

1134 

2182 

2229 

2277 

»314 
2371 
1419 



.\i 

4.71197I60 



4.71040 
4.71025 
4.71003 
4.70982 



4.70939 



4.70810 



48 

N'Vl7 4l 
4.70896 46 

4.705^445. 
4. 70853] 44 

43 
41 

41 

40 
^7 
3« 
37 

•1? 
.35 
.14 



4.70788 
4.70766 

4.70745 
4.70713 
4.70702 
4.7068c 



4.70658 
4,70637 
4.7061533 

4.70593I31 
4^70573 

4'7C550 

4.7051S 

4.70507 



1313 

1371 . , . 

14 19 4.70485 

4.70463 

4.70441 
470420 



55 
5 



4-70398 
4.70377 
4.70355 
17544.70333 
1801 4.70317 
1849 4.70290 



4.70268 



1944 4.70146 



4.70124 
4.70103 
4.70181 

4-7015 9 
4.70137 
4.70x15 
4.70094 
4.70072 
4.70050 
4.70038 



24664.70006 

15134.69984 
1561 4.69963 
2608:4.69941 

«655;4.699»9 
3701 4..69897 



31 

30 

^9 
18 

17 
26 

^5 

V— 

13 

22 
21 

20| 

18 

17 
10 

15 
14 

13 

12 

II 
10 



7 



(30 Deg-) Sjnes, Tangents, Secants, Stc. 



M ai.:e iC;,..„M 


■i:-.,^;. i;o-un»..l o._Hi,. 


- L-o-fcc. i V Sine f 


■Zil9h7 


ii.937.i.l 


)■ 76144 


1O,I3Xj!j'I0.'>6i4 


,io.]oio,i;4-ii;oi 4.6989716 


lll.6;9i9 


99,! 746 


M6173 


,o.»3gi7!ic-'-- 




I9.6»94i 


,1.93758 


9.76101 


101,1798" 




39-699fi3 


/y-nji 


9-76131 


I0.11769I1C 






9.9371.. 


9-76161 


IO.H7,-,i»;K 




j!9-7°o ■' 


9V37I7 


9.76190 


to 137.01c 




6|9.7W»8 


l-V.V<^ 


'..7''W0 


(0.13681] IC 

iTTjsrJn 

I0»36l3!i= 




719.700.(0 


/.V3701 


9.7634^ 




8.9.70071 


;.;»; 


9.76377 




9]9-7009,l 


9.76406 


10.13394;": 




■oj9.70.li 


(.9,1680 


9-76435 


lo..3j63l^ 




n'fl-JOI'O 


9.93673 


976464 


"0.13336 « 




99,66, 


9.JJ6422 


(0.13507I1C 




isVjoie:: 


/935J» 


9.-6JII 


1 0.134 ;8;ic 




14:9 70101 


9-93«5i^ 


9.76,!.! 1 


.0.13449 '= 




'j'y.7ott4 


9-9.1643 


9.76(8t 


10.1J410 


I: 




.69.7.14^ 


3.93636 


9.76609 


io,»339( 






179.7J16; 


/9J6»B 


9.7663' 


10.13161 






l8:9.7o:»g 


/■93614 


9.7 6-V;! 


to.! 13 11 


I- 




19^9.703.0 


10.1330.- 




lot.7oj3i 


9W4o« 


;.767t3 


10.1317.1 






>l|9-7JJJ3 


if-VJJW 


9.76734 


1.., 13141 






"l9-70)7.s 


)-Vi594 


7.-671,1 


io.ij,t- 






UV-70J9fi 


9.7*8 li 


1013 iSg 






14.9.70418 
il'9-J'>43y 


»-y,H77 

9-93J69 


9.76^:41 




": 




9,76870 


(0.13 1 10 




1^9.70461 


993j6i 


j.76Sg7 








17I9.70481 


9VJ5J4 


;j. 76918 


10.1307! 






!8|9.70jo4 


99.134; 


J- 769.'? 


10.13043 






'9 9-70i3J 


9-93J39 


9.76986 


ia».]oii 






1l9-7°jS'i,>.iPjj»J 


9.7 7or? 


fo.il9fl = 


K 




9,77M44 


10.1191 (, 




l>9-70J9o 


9-93)17 


7.77073 


1011917 
10.1^899 






IJ 9 70611 


^.93310 


9.77 TOI 






M 9 7ob3i 


993501 


7.7713a 


10.11870 






'•S3-706U 


9-9349.^ 


9-77"9 


10.11841 






l*B.:t^M 


v-V3-ia; 
99348cy 


9 7718^ 


10.13811 


•^ 




" ? 7«.i.7 






l8y.707i8 


9-934 7 J 


J. 77146 


[0 1S7J4 






3Sil^07jj) 


9-934*5 


/77*74 


IC.11716 






40 9.7076; 


M34J7 


9.77.103 


10.11697 






*l 970781 


99i4J0 


7-77131 


10.11668 


IC 




ty-josoj 


9.90441 

:».9343j 


9-77361 
"'■773 90 




~ 




43 »-7oBi4 






M 9.70846 


).934i7 


977418 


lollljgl 






« 9.70867 


9-934K 


J-77447 
977476 


10. 115 J J 






(6 9.7oS8g 


9-914" 


lO.llJl.l 






47 ?. 70909 


9.9340J 


);7J0J 








It 9.71:0.11 


9.513397 


9-77^11 




'i 




19 9.7=951 


9.91390 


9.77561 


10.11438 




i° 9.70973 


i-933" 


9.77S9''°-»»40tf 






('970994 


9 93375 


9.776(910.11381 






1*97101/ 


9^367 


9.?7648 IO.S135* 






13 9.71036 


9.93360 


9-7767 7. iaii3M 






ts 971079 


ItmJ.W 


9.77706 10. »M94 
9-:7;34,iO-»"66 


" 




9-93344 




i* 9711-0 


9-93337 


9-77 763 <o-aMJ7 






S7 9-7"" 


9.fl33>9 


977791'io.mog 






(8 /7«4» 


9933" 


9.77810 io.«aiS.' 






(9 9=7 1*63 


9.933«4 


fl-77«49:"^>'"J' 






9.71184 


p-»3^ 


f .77877''0 »»Jiyl 






■.•ilni 


'-"-'■■" 


IF-?, 







Table of Logarithmic (^i Deg. J 




CsSDej.) 



(3* ^^S-} Sloes, Tao^u, Secants, 8u. lej 



I 

SeC Table of LogariOimi* (^3 ^^S'} 



(34 D'g-) Siaes, Tangents, Secants, &c. ley 



Taile of Loguithmic (35 ^'SO 



I 

(36 Deg. ) Sines, Tangeats. Secants, Su. 



TAltE of Logarithnue ^yj ^^0 



(jI& l&^O SioBs, TangenUr Secaau, 8c«. ill' 



ti 



Table of Lbgapthmic (39 Deg.) 



0)9.79887 9.89050 
1 19. 79903 9.89040 
1)9.799189.89030 



9.90»37 
9.90863 
9.908S9 
3|9-79934 9-89010 9.90914 
49-79950,9.89009 9.90940 

5 9-79^;65!9.8890y 9.90966 

6 9 79981 9.88989 9.900Q2 

7 9>7999<^ 9.8897^ 991018 
89.800129.88968 9.91043 
9 9.80017 9.88958 9.91069 

9. 80043 9.88949 9.91095 

1 9.80058 9.88937I9.9X III 
a 9.80074 f.88917 

39.800S99.88917 
4 y.80105 988906 
5 9.80110 9.88896 



69.80^^69.88886 
79801519.88875 

8 2^80166 y.88865 

9 9.80182 9.88855 
w 9.80197 9 8^844 
n 9-8ou3 9.88834 
ii 9.80118 y.88824 
^3 980144 9 88813 
i4 9J0159 988803 

13 9-80274 988793 
169.80290988782 
179-803059-88772 
18 9.8031c 9 88761 
'99-80336;. 8751 
>o 9-8035 1 9^88741 

Ji 9.80366 988730 

)2 9.80381 9-^8710 

13 9-80397 988709 
^ 9.8041 2 988699 
15 9.80428 9-88688 
{69.804439-88678 



f6|9.8o746 9.88468 
[719.80761 9 88457 
[89.807779.88447 



[99.80791 
>o 9.80807 



Tair 



9.9117a 
9.91198 
9.91114 
9.9115c 
9.91276 
9.9 1 30 1 



9.913^7 

9.91353 

9.91379 
^.91404 

9.91430 
9.91456 



J7|978o458 9-88668 
>8 9.80473 9-8865? 
(9 9-80489 988647 
10 9.80504 9.88636 
Jl 9.80519 9-88616 
ja 9.86534 9-886|5 

[39-805509-88605 
149.805659-88594 
J5 9^0580 9-88584 _ _ 

j6 9.80595 9-88573 }9-9»oia 
[7 9.20610 9-8»563|9.92048 
t8' 9.8'^625 9.88^52 

[9 9.80641 9.8854a 



9-9*^47 



9.91482 
9.91507 

9.9'533 
9-9'55vt 
9-91585 
991610 



9.^1636 
9.91662 
9.91688 
9-91713 
991739 

9917^1 
i.91816 
9.91841 
9.91868 
9-91893' 
9.919 19' 



Q>-tan. ] Secan t, j Co-f*'c. 

0.09163 10.10050 

0.09137:1010960 

ao9iiiiazo97o 

0.09085 

0.09060 



[o 9.80656 9.88531 

[1 9.80671 9.88511 

[1 9.80686 9.88510I9.911 76 

»3 9.80701 9.88499I9.91202 

[49 .80716988489 

•59-807319-88478 



- t-o-nnc 



9 88415 



•Mnc 



9-9*945 
9.91971 
9.91996. 

1021 

2048j 
9.92073' 



9.92099 
9.921151 
9'9'^J50 



9.91227 



9-9*^53 
9.92279J 

9.92304- 
9-9»330» 



9.88436 9 9«356, 



992381 



0.09034 
0.O9009 

OLO89S2 
0.08957 
0.08931 
0.08905 
0.08879 
0.08853 

0.08828 
0.08802 
0.08776 
0.08750 
0.08714 
0.08699 



0.08673 
0.0864- 
0.08621 
0.08596 
ao857o 
0.08544 
c.0^518 

0.08493 
0.0846' 

0.0J441 

0.08415 

0.08390 

0.0836J 
0.C8338 
0.08312 
0.08187 
0.08261 
0.08^5 



10.10980 
10.10991 
laiiooi 

lO.IIOII 



10. 1 1012 
laiioji 
10. 1 1042 
iaiio52 
10.11063 
10.11073 

10. 1 1083 
10.11C94 
10.11104 
10.11114 
1011125 
10x1135 



10.11145 
10.1x156 
10.11166 
10.11176 
10.11187 
10.1x197 

lo.irio; 
I0.XX218 
10.11228 
10.11239 
10.IZ249 

I^.IX2?Q 



10.11170 
10x1280 
10.1129T 
I1.11301 
IC.X1311 
10.1x311 



0.08209 10 11332 
0.08x841 1 0.1x343 

0.08158.10.1x353 
o.o8i32!io.ii364 
ao8io7 10.11374 
o.o8o8x 10 iir^f 

0.08055 1 .ii3y.S 
008029 10.11406 
0.08004 10.11416 
00797810 114*7 

ao795 110.1143* 
a079i7 lo.i 144^ 



0.07yOl o. «145P 

0.07875 10 114^9 
0.07850 io 114;'^ 
".07814 10 ii<9 
007798 10. 1 1.50' 

0.07773 10.115x1 



0.07747 1011522 
0.07711 10.1x531 
0.07696 10.11543 
0.07670 io.ii5^t .3 
0.07644 10.1 1564 
0.07619 10.11575 



0.20013 
0.10007 
0.10082 
0.10066 



4.35016 



0.1005014.34945 
0.1003.^ 

0.10019 

aiooo4 
0.X9988 
019973 
0.19957 
0.1094; 
o X9926 



0.X9911 
0.19895 
0.1988c 
019864 
0.1 9849 
0^19834 
0.198x8 
o. 19^03 
0.19787 
0.19772 



0.I974I 



V. Sine 



4.34802 
4.34838 

4 34873 
4.34909 



4.560006c 

4.56873 
4.56847 
4.568ac 57 
4.56794 56 



4.349804.5676755 



4.35051 
4.35087 
4.35 1 w 
4.35158 
435193 



4.567x453 
4-56688 5 
4.56661 51 

4.56635I50 
4*56608 



4 35*40 4.56^81 



435464 



'I.35300 4.56548 



4.35371 
1.35406 

^•35f42 

4.35477 
4.35511 
4.35548 

4.35563 



4.56596 

4 56475 
4.56448 
4.56411 



0.X9756 4.35618 



4.^56^4 



■56395 
4.56367 
4.5634X 

♦ 56315 
4 56188 
4 56261 



4.35744 



0.197264.35689 

0.19710) 

0.19695 

0.1968'^ 

0.19664 

0.19649 

O.196T4 
,0.19618 
o 19603 
0.19588 
0.19574 
0.19557 
0.19542 



4.360C6 

4.36041 
4.36076 

_ 4.36111 
0195474-36146 
0.1951 1I4.36111 
0.194964..36116 
0.19481 4.36251 



4.55913 *3 

4.55886 41 

4.55859*^ 
4.5583440^ 

_ . 4.55806 19 

^.194664.^6186 4. 55779 £0 

4.55 75 4' 1 7 
4.55745^6 

4 55698 15 



0.19450,4.36341 
0.194354.36356 

0.X9420 4.36391 -- , 
0.19405 4.36426 4.5567l!'4 



0.193904.36461 



4.56741 54 



4.50555 



4-56235 
4.56108 



4..35795 
435830 



435865 4-56101 



35 

34 

33 

4.56x54 3^ 

45614831 

30 



4.3590o|4.56c74i4g 
43S935 



4-56047 

4.35970I4.56020 

U.55964 46 
4.55967 45 
4.55946 44 



49 
48 

47 
46 

45 
44 

43 
44 

41 
40| 

3 
3 

37 
36 



18 

47 



4.55644 13 



l2J9J75 4.36496( 1.^56x7 14 



o»9'59 4 3653i 
0.193444.36565 

193494.36600 
0.19JI4 4.36635 
0.19199436670 

01 1^14.36705 



4.55590" 

4.55563^^0 

4 55536 

4.55509 

4.55481 

4.55455 



(30 D«gO 



0.192C9 4.36740 4.55448 "5 

0192544.367744.55401 4 

0-194384.368094.55374 3 

0. 1 922 J4.36844 4.55347 4 

o. 1 9108 4.. ^ 6879 4.55310 

0.19193436913M5493 o 
eo-cai.. Tanggnt Co-fee. 1 Secant , 



V . biuc 



8 



M 
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U9 DegO 



Table cf Logarithniic (41 Deg.) 



(41 Deg* y Sinesi Tangents, Secants, Su. 



Table of Logarithmic . (43 Deg.) 



(44 DesO Sines, Tangents, Secants, See. 



T A B J. E 



or 



LOGARITHMIC SINES, TANGENTS akd SECANTS 

TO EVERT 

Poi/i/, Half ? Wit ^ and Quarter Paint of tie COMPASS. 



Prtt. 



o 



3 

3i 

4 



Sioet 



o.ooooo 
8.69079 
8.99130 
9.10651 

9 10034 

9-3 W 7 
9.46181 

9.51749 

9.58184 
9.63099 

967339 
9.71105 

9-74474 

9 77J03 
9.80236 
9.81708 
9.84948 



Co-fime 



I 



Coynes I Taagcnts 



XO.00000 
9.99948 
9.99790 
'9.99517 



9.91157 
9.98679 
9.98.88 

9-97384 

9.96561 
9.95616 

9M543 
9-93335 




J0483 
9.888x9 
9869*9 
9.84948 



Sinet 



0.00000 
8.69131 
8.99340 
9i7i»5 

9.19866 

9.J9878 
9.48194 

9553^5 

9.61711 
9.6748a 
y.71796 
9.77770 

9.82489 

9.87010 

9.91417 

9-95 7a^ 

10.00000 



Co- tang. 



Co-tangt 



Infinite 
XX. 00869 
11.00660 
XO.81875 

10.70134 
10 60111 
XO.51806 
10.44635 



X0.38178 
XO.31518 
10.17104 
10.11134 

iai75ix 
10.11980 
iao8583 
10.041 7 X 
xoocooo 



Secants 



X0.00000 
10.00051 
xo.ooiio 

X0.00473 

X0.00843 
10.01311 
xo.oi9ri 
10.01616 

10.03438 
10.04x84 

10.05457 
10.06665 

X0.08015 

X0.09517 
X0.XI18X 
10. 1 301 X 
xo. 15051 



Co-fee. 



8 

7l 



Taogenrt Co-fee. 



XX.X0901 
XI.3091X 
iix>o870 
XO.83348 

10^70976 
XO.6I443 

xo.537»8 
10.47151 

10.417x6 
10.3690X 
10.3166X 
iai88?5 

10.15516 

XO.21497 
X0.19764 

XO.X7191 
iaX505i 



Secants Prts. 



J 






MENSURATION OF SURFACES. 





, LiNEAt Measures. 




12 inches - i foot 




3 feet , . I yard* 

6 feet - ^ , fathom. 
i6i feet 1 
or si yards ) ' " ^ P^^^* ^^d> or 




40 poles - I furlong. 
8 furlongs ^ 1 mile. 


1 


S(^ARE Measures. 




144 Iquare inches - - 1 foot* 


- 


9 feet - ^ ^ I yard- 
36 feet . ^ , fathom. 


t 


272^ feet 1 
or 30^ yards J " " ' P^'^ ^^ ^^^od* 


1 

1 

1 

1 


1600 poles - . I furlong. 
64.furlQ«gs ^ . , mile. 



The Englifh chain, is divided into 100 links, each link being. 
7-9? inches. And 80 chain-lengths,is 1 Englift mUc. 

Lineal Scots MEASURE8^ 
37 inches - . . , dl. 
6en8, or iSf feet . i lyj. 
4 falls, or 74 feet - , 1 chain. 
1 o chains or 40 falls - i furloiig. 
8. furlongs or 80 -chains - i mile 



MENSURATION OF SURFACES^ 

1369 fquare inches * * s lelL, 

36 eiU, or 342^ fe^t f I fisdU 

r6 falls, or 547 feet - t chain* 

100 chains, or 1600 falls ▼ I furlong.. 

64 furloQgs, or 6400 chains - 1 mile* 

The Scots chain is divided in 100 links, each link being ••Sfr 
inches, and 80 chains is^ooe Scots mile. 

To meafure furfaces andjblids by duodecimals y or crofs nudHpRcaSmh^ 

RULE. 

Multiply each denomination of the length by the feet of 
breadth, beginning at the lower place, and fetting each produA 
under that denomination of the multiplicand from which it a- 
rifes, carrying by 1 2, when neceflary, to the higher place. Thea 
multiply by the inches of breadth (if any) fetting eadv produ£l 
one place to the right hand, qanryingby 12 asabonre. Lafily^ 
Multiply by the parts, fetting down each ptodu£^ another place 
to the right, and fo on* 

EXAMPLE. 

A pavement 16 feet 4 inches long, 7 feet 6. inches btoad, Hq^ 

many fquare feet ? 

F. in. 

Multiply the length 16 4 
9y the breadth - 7 6 



114 4 
820 



Jirft, 



JMENSURA.TION OF SURFACES. us 

^irft, fay, 7 times 4 is 281 which is 2 to carry, and 4 over. 
Write down 4, the excels in the column of inches ; then fay» 
7 times 16 is 112^ and the 2 you carry is 114, which fet 
down in the column of feet. Again, -6 times 4 is 24, which 
is 2 to carry and o over; then fay, 6 times 16 is 96, and 2 is 
p8, which is 8 feet 2 inches ; which, when youll haVe pla- 
ced in their proper cokmmsy add, and the fum will be 122 
feet 6 inches* 



JVo#ff, The fuptrficial cdntcnt of mtfonf, joiimn, plaftooersy paintm, &c. work^ 
Si fr^ucBtly c«A up by the preceding rale; for the better underflanding of 
which obferre, that 

'* Thi fopei^citfB of any reftngle is fouxid by makiplying the length by the 
1ure«4th{ mai ^ coft^t off toy triMigle is ibucd by multiplying half the bafe 
by the^perji^dipular akitude, m fhail be ^xplaised afterwards. 

Any lineal meafure, multiplied by the fame lineal meafufe, produces fquaret 
«r the iame. Thus, lineal f(fet, murtiplied by lineal feet, produce fquare feet ; 
%faei! lAchevinto lineal inches produce fqoare inches^ and <b on. 

liaeal feet 4nto lineal- inches, produce reftangks i loot long, and x inch 
faroad»whiq)i, divided by isk quots fcet^ and the remainder myltiplied by it, 
produces fquare inches. 

Lineal feet into lineal lines produce reSangles I foot long and i line broad; 
whidi, divided by 144 quots fquare feet, and each unit in the remainder arere<ft- 
MgleS) equal to Iquare inches* 



k« • « -^^ . — , m 9' ' • • ^ • •• 



Q^a EzA» 



ii4 



MENSUR ATION OF SURFACES. 



Examples for practice* 





I^rngth. 


Breadth. 


Anfwcrt. 








/. 


• 

r. 


///. 


>. 


• 


///. 


i?, 


• 


pu. 






I. 


18 


4 


6 


2 


3 


2 


- 41 


7 


2 


"3 


*"o 


2. 


27 


3 





- - i 


6 


6 


. - 40 


16 


6 






3- 


16 


4 


9 


I 


9 


3 


- 29 





4 


II 


3 


4- 


• 14 


8 





- - 2 





•6 


-' 29 


11 


4 






5- 


. ao 


10 








4 


6 


- - 7 


9 


9 






6. 


18 


9 


I 


- - 3 








- 56 


3 


3 






7- 


32 


6 


7 








8 


- - 1 


9 


8 


4 


8 


8. 


>4 








- - 2 


6 





- 35 












9- 


19 





6 


1 


4 


3 


- - 25 


9 


5 


I 


6 


lo. 


25- 


3 


2 


* 'O I 


9 


9 


- 45 


9 


S 


10 


6 


11. 


36 


I 





I 


6 





- ^ 54 


I 


6 






12. 


162 


3 





- - 32 


5 





- 5259 


7 


3 






13- 


103 


2 


6 


- 10 








- - 1032 


I 









14. 

• 


13 


s 


9 


- - 4 


3 


2 


- 57 


2 


5 


10 


• 


»5- 


'9 


3 


2 


I 


3 





- - 24 





II 


e 





16. 


«4 


6 





- • 2 


4 





• - 33 


10 





§ 




17- 


20 


8 








6 





10 


4 









18. 


23 


7 


Q 


- - 1 


3 





- - 29 


5 


9 






19. 

^0. 


37 


II 


6 


2 


6 





- 94 


10 


9 




6 
II 






4 


7, 


- 36 


7 


5 ■ 


■ - I 1402 


2 


4 


II 


22. 


. 87 


5 





- 35 


8 





- 3"7 


10 


4 






23- 


• 24 


6 





- - 9 


6 





- 232 


9 









24. 


• 4 


7 


9 


- 


- 


1 


5" 3'" 6 


8 


I 


8 


3 


25' 


• 14 








- - I 


6 





, - 2» 












26. 


iB 


^ 


6 


a 








- - 36 





9 






27- 


10 








- - 


10 





8 


4 










PRO- 



MENSURATION OF SURFACES. 117 

PROBLEM I. Pla^e s./g. 70. 
70 Jlnd the area of a fquare. 

RULE. 
Multiply the fide by itfelf, and the produ£): "will be the arei. 

EXAMPLE L 
tlow many fquare yards are in a fquare> whofe fide is 1 5 1 ^ ^^ • 

Xhnd^imaOy, Dedmalljm 

15 6 15.5 



232 6 775 

7 9 - 775 



5>)24to 3 



^5S 



hi! *l 



26 yds 6 feet 3 inches. 



9)240.25 
Yds. 26 6 3 



By rtduStOM* 
JF. iti. $M, 

Ij 6 = 186 
186 



1116 

1488 

9 

144)34596(240 feet. 

288 ^ 



570 



26 yards 6 feet 



12)36 

3 inch* 



Ex. 2. 



^ I S - MENSURATION OF SURFACES. 

Ex. 2. Required the axea of a fquave^ n^^e fide is 12 feet t 

Anf. i/^/^fquan feet. 

Cx. 3* How many icfxztt htt are m a fquare, whofe fide ft 
6 feet 3 inches ? Anf. y^feet o in, gptx. 

Ex. 4. How many fqUate yards are in a fquare court, whofe 
fide is 805!^ feet? Aft/l 715 yds. § feet o ifu gpn 

Ex. 5* How Aiany fquare chains are in a field, wliofe fide is 
1 mile ? Aftf 6460 fq* chains. 

Ex. 6» Required die area of a Iquare^' wbofe fide is 3 chains^ 

Anf. gfq. ct» ' 

PROBLEM II. Plate s^fg. 71. 

* 

To fold the area of a reffangh^ 

i 
RULE. 

Multiply the length by the bread^j and the pit>du£l Is .t}ie 
area^ 

EXAMPLE L 

Required the area of a re£):angle, whofe height is 3000 linksi 
and breadth 1670 links of the Englifli chain. 

1670 
3000 



50,10000 fqtiare linksi 



»4eooo 
40 



16,00000 
Anf 50 acreSi © rdods \6 poles* 



Her 



re. 



MENSURATION OF SURFACES i ^ 

Hciej becaafe the chain is dirided iato loo links, and that 
f oo X loo is seoooi (the number of fquare links in one fquave 
chain) and looco X lo = loooop (the number of fquare links 
in one acre) divide the produ£t by io<?iooo^ the quot gives acres 
and decimal^ of an acre ; and this deciinsd is reduced to value 
by multiplymg by 4i by 4o> by 30^. Or, inftead of dwiding 
^e fquare links by iqoooo, cut off five decimal places towards 
the right hand^ the integr^ part gives acresi and thofecut off 
^re decinials of an acre, and are reduced to value accordingly* 

£x« 2. Required the area of a re<^angi|lar field, whofe fides 
9re 5*5 and 2*54 Scots chains*] 

^nf, 1 acre l rood \'i falls 18.72 ells* 

Ex. 3« Required the a;rca of a re£tangle, whofe length is 15 1 
feet^ and breadth 12 feet* Anf. \%6 fquare feet. 

Ex 4* Required the atrea of a re£b.ngle^ whofe length is \% 
kichea, and breadth 6 inches. Anf. 60 inches. 

Ex. 5. Required the area of a redangle, whofe fides are 56 
feet, and rS feet 6 inches ? Anf 10^6 fquare feet. 

Ex*. (S. Required the area of a re^langle, whofe length is 1 6i^ 
flid breadth f of prds Anf 1(^8.3 yds. 

PROBLEM m. flate 5./^. 72 

?9 jftnd tie area tf a rhombus or rhoi^Md. 

RULE. . 

Multiply the length by the perpendicular breadth, and the 
produft is the area* 

EXAMPLE I* 

Required the area of a rhombus, whofe fide is 750 links, and 

one of its acute angles 60""* 

5r# 



flO 



MENSURATION OF SURFACES-' 



To find D^ ^^ perpendicutar. 

As rad. - $^ = lo.oooQo 

is to AD 750 - 2.87506 

So is fine ang A 60^ 9-93753 

XoDE thepcr.649.5= 2.8 1 25^ 



To find the arca^ 
AB - = ' 750 
DE - =649.5 



W .M H l^l 



3^475P 
454654 

4,87x25,0 
^ 4. 

3^485000 
40 



J I » ■■ 



19,400000 

I ■ ; 
14,400000. 



jik/i 4 acres 3 roda- 19 falls 14 ells*. 

When one of the angles of a rhombus or rhomboid are gir 
▼en, the area may be found by the fpllowing proportion. 

As rad : fine included ang. : : the prod, containing fides lariw^. 



As rad. 90** 

is to fine 60® 
So is prod. 562500 ^ 

To the ai^ea = 487 1 op - 



I o-ooooo ' 

9-937S3. 

5.75012- 

5-^8764 



4,87100 

4 

3,48400 
40 

19,36000 

36 

2 16000 
108000 

12^9600^1' 



^nf. 4 aaes 3 roods ig falls 13 cll^ ncgrJy. 






MENSURATION OF SURFACES.. i *i 

Ex. 2. Required the area of ^ rhombus^ whofe length U 15 
feet) and perpendi<;ular breadth 1 2 feet. 

Afif 180 fqudrefeetm 
Ex. 3« Reqoired the area of a rhombdid, its length being 
24) and perpendicular 14 Scots chains. 

^ Anf. 33 acres 2 rwds 16 falls. 

Ex. 4. What is. the area of a rhomboS) when the fide is 
1260 linksi and its acute angles 54° 30' ? 

Anf. 12 acref 3 roods 2lfdls 7 ////. 
Ex. 5* Required the area of a rhomboid whofe fides are 
320O1 2400 links of the Englifh chain^ and acute angle 30J 

Anf. 3i( «• I r. 24 p* 
Ex« 6. Requited the area of a rhomboid^ when the length 
is 50 feet 6 inches^ and perpendicular breadth 6 feet 6 inches* 

Anf.'i2Z'lfeet. 
Ex. 7. How many fquare yards are in a rhombus» whofif 
fide is I5i feet) and perpendicular height 3^ feet? 

Anf* 5 yards $feet 4 inches 6 ports* 

PROBLEM IV. 

Yofnd theftde^ or the perpendicular breadth of any paratlelogtam^ 

the other fide and the area hang given* 

RULE. 

Divide the area by the given fide, and the quotient will be 
the other fide* 

EXAMPLE L 

The area of a re£tangle being leoooo fquare links^ and one 

of its fido^ 1090 links, required the other fide. 

1000)100000^1 00 linkS) or i chain length) 
1000 

R EXAM. 
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Et* 2. A fqtnre&ld contains 120 acres, rdqtiirtii the length 
df its fide. •* - 120 acres = 12009000 fquart links. 



And 1 2000000 3s 3464 111 

Sx« 3» The area of a rhomboid is 63 [ fquare feet^ and the 
length 10 feet. Required the perpendicular breadth. 

jinf. 6 feet /^^i-hicbes. 

Ex. 4. The perpendicular breadth of a rhombus is 4 j- feet^ 
and area 30 fq. feet* Required the fide. Anf. j.o^ZSfeei* 

Eu 5. The area of a fquare is 6740 fquare yards., Requir- 
ed its fide. jifif, 82.097 yards. 

Examples in this problem and in the three preceding pro- 
Uems prove each other. 

PROBLEM V. Plsu 6. Jig. 74. 

Trofriithcarearf atriangUj its perpendkular height and hafii hew- 
ing given* 

RULE. 

Multiply the bafe by half the peipeodicular height, and the 
produ£t will be the area* 

.EXAMPLE. 

Reqiured the area of a triangle, whofe bafe is 6j^^ and per- 

pendiciilar 80 feeu 

64 ba(e. 
80 perp. 

2)5120 

2560 area. 

£x. ^ How many (quare yards are in a trrangle, whofi: hife 
is ^ Ceet, and perpendiculai 85 feet 6 inches. 
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I 

85.5 85 6 

99 99 « 



7^5 49 6 

7695 765 p 

765 b 



a)«4«4.5 

Itds. 470 a 3 



2}84(S4 < 



^^ 



9)4232; 3 
Yds 470 jt feet 3 in» 



f» Mi* M* 

99 O s= I188 

' 8208 

8208 

1026 
1026 



2)121888.8 

9 ^ 

144)60^444(4232) 

JJ76 — 

- — r/.47o % 3 

334 
288 

464 
43« 



3*4 
288 



3 inchcff 



R ft £x. 
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Ex* 3* Required the area of a triangle, whofe bafe is la 
feet 3 inches, and peipendicular 8 feet 9 inches. 

Jlnf. 53 feet 7 in. 1 pt, 6". 

Ex. 4. How mapy fquare yards are contained in a triangular 
garden, thejen^th of one of its (ides being 80 yards, and the 
perpendicular dillance between that fide and the oppofite angle 
70 yards ? ^nf. 2^^o fquare yards. 

Ex. 5. What is the expencc of paving a triangular court, at 
4s. 64* per fquare yard* one of ita ^^des befaig 48 feet 6 inches^ 
and perpendicular jof feet ? ^ Anf. 18I. 9s. 9^d. 

PROB^JIM VI. fitatt6.fig. 74. 

t 

One pf the angles of a triangie andthf cwtainii^ Jiies being given^ 

to fini the. area. 

/ ., IIULE J. 

Aa r^Mdius^ 16 to the fine Qf the included afi^le, fo is "half. 
4be produd of the containing (ides, to the area. - 
^< RmJl 2. Find the perpendiccilaT by trigcHH^nietr^, and pro* 
<eed fi8 in- the preceding ptoblem. - - 

. E2?AMPLE I. 

Required the* aim of a triangle, whofc included angle is 63*^ 

30', and: the containing fides 806 and 70c links of the Englifli. 

chain. 

By Rule L 

As radius 90 «• ' =10.00000 

To fine 63* 30' * 9-95 '79 

80 is ABX AC = 282100 = 5.45040 

To area 2.52500 = 5.40219 

Anfx 2 acre4 7,roods ^pirchet. 
f ' By 
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By Rule II. 

.Tq find BD the pcrpcn. 

*As tad. 90 - i©,oooo« 

is to AB 700 = 2.84JI0 

So is Tine dj"* 30' - ' 9 95 1 79 



To BD 626.5 .- 2.79689 
And 626.5 X 866 = 504^59 

3t)5049SS) 



2*52479 = 2 actcs 2 roods, 4 per. nearly. 

• •• 
Ex. 2* How many, fquate yards are in a triangle, whofe Cdea 

are 100.989 feet;, and included angle 45^ ? 

ytnf. 2Hf9' yds S^ or 8.8 feet. 

Ex. 3. Kequired tKc area of a triangle, when the containing 

fideis.ar^ ^09 a|id 2ao yards, and the included angle 30^ 

Ex. 4 Required the area of a triangular Held ABC,' ABss 
6000, AC 8000 links pf the Scots chain, and angle A 39^ 36V 

Anf, 153 acres, 
Ex. 5. Required the area of a triangle, the containing fides 
being ^i^ and 25 yardS), and the contatncd angle ^o"". 

Jtftf. 2#3t yardu 



PROBLEM Vn. Plate C.fig^ 75. 
7he three ftdcs of any triangU heing given^ to find the area. 

RULE, 

Add the three given fides, and from half their fum'fubtrad: 
^ fides feverally : Multiply the half fum and the three re^ 

mainders^ 



I«# 
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nainders continually^ and the fquare root of the laft produft 
will be the area. • : 

EXAMPLE I. 
Required the aiea of a triangle, its three fides being ^o, 30^ 

40 Scots chains. < 



30 
20 

40 



2)90 

Kdf (iun 45 
»5 

225 

45 

675 

33TS 

^5875 
S 



45 45 45 
30 20 40 

1$ ^5 S 



«4375 (*>o>473* 

4 

t 

44J 

441 



5804)27500 
23216 



58087)428400 
406^09 



5809421791009 S^ 



10)290,473* 

29,'o4738 

4 

.18952 

4» 
7.58080 

348480 
174240 



m^ 



2o,9«88a 

So the area is 29 ac^ o n>. 7 fallm 
a ieU& nearly. 



METHOD 
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METHOD 11. By Logarithms 

RULE. 

Add the logat ithms of the three remaindets and half lum 
together^ and half their fum will be the iogs^rithm of the arca« 

40 45 45 45 

30 40 30 20 , 

20 w— .^ 

5 15 aj 



2)90 

Half fum 45 == 1.65321 
f :S = 0.69897 

Rem.Kij = i.i7(Jo9 
U5 = J-39794 

2)4,92621 10)290,4738 

^9o>473.8 = 2.463 1 05 ?9 ac- o ro- 7 f. 2 1 cBg. 

METHOD III. 

AC : AB + BC : : AB— BC : AD— DC 

That i$^ 40 : 50 : s 10 : 1^.5 diff*. feg. bale. 

Now to find BD tKc perpen« 
Tohalfbafc 20 AB*— AD*=BD% or 

Add half diff. 6.25 BC»~DC» =BD» 

* AB* =i 900 

The gfcatcr fcg. 26.25 AD AD*= 689.062 j 

From half bafe 20 BD= 210.9375 

Subtr.halfdiff. 6.25 ■ ■■ 

-*— 80=^210.93752=14.52369 chains* 
The kC feg. 13.75 DC 20 half bafc. 

29.047380 
Anfi 29 ac* o r. T falls %i elL. 

^ METHOD 
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METHOD IV* 



To find ang. A. To find the area. 



AftAD = 26,25 i,4*9'3 

istorad. ^0° io>ooooo 

So is AB - ;o 1,47712 



As radius - 90 io,dooo# 
is to fine 28'' 57' 9^68489 
So is AB X AC 600 2,778 1 5 



^ 



Tofccang.A a8» 57'.io.oS799 [ To area 290,4738 = a.46304 
\^(hich is 29 ac- o r. 7 falls> 21 ells, as before. 

iFVom thefe four different varieties, it appears, that the lo- 
. garithmic operation is the eafieft. It were to be wiflied, 
that all land furvtyors would take the trouble of comput- 
ing their nieafurements by logarithms i then would they 
agree in their calculations, and depend lefs upon the ac« 
curacy of their fcales. 

• 

Ex. 2. Required the area of a triangle, whofe three (ides 
arc 500, 300, and 400 links. J^nf. 2 ro$df^ 16 falls. 

Ex. 3. Required the area of a triangle, whofe fides are So, 
60, 100, feet* Anf, 2^00 feet* 

Ex 4. How many fquare yards are in a triangular court, 
whofe three fides are 36, 24, and 30 feet ? 

Atif 3 9 yards ^ <$• 1 7 feet, 

Ex. 5. How many fquare yards are in a triangle, whofe three 
fides are 63, 113,5 ^^^ M^ yards ? Anf 41687 yards* 

Ex. 6. How many fquare'yafds are in a triangle, whofe fides 
arc 39> 42^ and 45 feet ? Anf. 84 fards. 

Ex 7. Required the area of a triangle, whofe fides are 90,84 
and 78 yards. ^^f 3<^^4 y<^^^^ 

. PRO- 
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^y^ 



! , 



PROBLEM VII. Plate 6. Jig. 75. 
^Hvojidss of a right-angled triangle being given^ to find the other Jidi* 

RULE. 

To find the hypothenufe, add the fquare of both the legs^ 
and the fqaarei rodt of the Turn is the hypothentiife. 

To find one of the legs, fubtrafk the fijuare of the gitren leg 
flrdm the fquace of £he h7ik)thenufe, and the fquare root of thd 
temainder is the leg required. 





EXAMPLE L 


iTie hypotiienuie is 
perpendicular. 

45 
45 


60, 


and the bafe AC 45 > required thk 

Uo 
60 


225 
180 




3600= AB» 
2625 AC* 


aoz| 




* »57S(39-7BG 


^ 




9 


1 




69)675 
, 6^l 

1 






^8f)54too 






S40J 



£t. a. Required the lengtii di a ladder, ib reach the top o^ at 
tower 56 feet lugh, the foot of the ladder being. 48 feet from 
libe'Wttt^ An/. Tifeet 9,072 inches. 

S B 
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I Ex. 3. The hypothenufe is 6oo> and one of the legs 360 ! 
Required the other leg. * Anf. 480. 

Ex. 4. The legs of a right-angled triangle are 64, and 48 : 
Required the hypodienule. Anf. 80. 

Ex* 5. The hypothenufe of a right-angled triangle is ioo» and 
one of the legs 80 : Required the other leg. Anf, 60. 

PROBLEM VUL Flatt 6. fig. -ji. 

To find the area of a trapezoidm 

RULE. 

Multiply one half of the Turn of the parallel fides by the per- 
pendicular diftance between diem, and the product will be the 
area. 

EXAMPLE I. 

Required the area of a trapezoid, whofe parallel fides are I5> 
ipt chains, and their perpendicular diftance 14 chains. 

BC15 
AD 19.5 



a)34-5 



n.2s 

6900 

1725 



10)241.50 



24.15 

Anf* 24 ac* r« 2/^ falls* 

Ex . 
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I 

Ex« 2. Required the area of trapezoid, whofe fides are X2,i8f- 
feet^ and the perpendicular^diftance between 7 feet* 

Anf. \o6 fquare feet 2 inches* 
Ex* 3. Required the area of a trapezoid, the parallel fides be- 
ing 180 and 200 yards, and their perpendicular diftance 100 
yards* Anf, igooo fquare yards* 

Ex. 4 How many fquare yards are in a trapezoid, whoje pa- 
rallel fides are 90 and 100 feet, and breadth 50 feet ? 

Anf, 527 yards "^ feet. 
Ex. 5. Required the area of a trapezoid, whofe paiaUel fid^f 
are 3, 4 feet, antl perpendicular breadth 3 feet* 

Anf \o\feeU 
Ex. 6« How many fquare feet are in a plank, 1 3 inches broad 
at one eftd, and 15 at the other, the length being 16 feet 5 
inches? Anf, i^ftet i inch 10 parts. 

Ex. 2. Required the expence of caufewaying a bridge 150 
feet long and 30 broad, at is. 6d.pir fquare yard. 

Anf 37^ lox. 

PROBLEM IX, Plate 6. Jig. 77. 
Tofndthe area of a trapezium. 

RULE. 

Refolve the trapezium into triangles v compute the area of 
each of the triangles feparately, and the fum will be the area 
of the trapezium. 

EXAMPLE L 

Required the area of a trapezium ABCD, the diagonal 
AC 60, BF 50, and DE 40 feet. 

S 2 50 
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50 
40 



60 



a)S40o 



^700 Anf. 

Ek. a. In the trapezium ABCD, AB is 64, BC 4^^ CD fio, 
PA 66y and the diagonal AC 72^ Englifli chains. 

To find ABC. ^ To find ACD. 

64 91 91 91' 72 99 99 99 

46 64 46 72 60 72 60 66 

72 — — -^ (56 T— — — 

27 45 19 r 27 39 .33; 

1^)182 2)198 



91 :±: 1.95904 99 = 1.99563 

%1 = »-43«3^ 27 = '•43i3<5 

45 = '-653^1 39 = i-59'<=>* 

19 = 1.27875 33 = 1.51851 

. •• . • • • 

2)6.32236 2)6-53656 

• .♦ 

1449.5 =: 3.i6ii8* 1855 = 3.2682$ 

BAC 1449.5 
1855. 
ACD=f 

10)3304.5 

330-45 
4 



l.8<» 
40 



3?-oo 

'^I* 33^ ^^» I 'wrf yiperch^ 
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Ex. 3 • Required the area of the trapezium ABCD, wbofe 
diagonal AC is 20> and perpendiculars BE and DE, 8 and lo 
S^ts chains. AnJ, i8 acres. 

Ex. 4* In the trapezium ABCD^ the fides AB is 45, BC 39, 
CD 42> DA 361 and the diagonal AC 48 ■: Required the area» 

^nf- ^Si'^t 7223* 
Ex. 5. Required the area of the trapezium A6CD, whereof 
the fide AB is IQ.25, BC 35, CD 50, DA 30, and the diagon- 
al AC 40 chains. Anf. 76 acres 2 roods i^fall^ 6 ells^ 

Ex. 6. How many fquare yards paving are in a crape^ium^ 
whofe dia^nal is zo^ ^nd perpendiciilars lo^- and 6t feet? 

Anf. I g yards 2 feet. 

Ex. 7* How nxiny acres are in a field ABCD, of which th<; 
fide AB is 8000, AD 6000, and AC the diagonal 9560 links of 
the Scots chain : Alfp the angles * BAC, CAD are each of 
them 30® ? Anf. 334 acres 2 roods i6JkJ/s^ 

PROBLEM X. fJate 6. fig. 77. 

w 

^ofind the areet of a trapezium^ its two diagonals and the includejt 

angle being given. 

RULE, 

As radjiusy 

Is to the fine of the included angle \ 

So is ^ ^rodud of the diagonals^ 
\o the area. ' 

EXAMPLE, 



VW<WB^I^ 



* It win be worth the learner^ while to obfenre, thu when one of the' angles 
^ a right angled triangle it 300, the leg oppofite to it will be €uA\j one half 
of the hypothenufe. Hence the perpeotUcub^ BF and D£ are 4O09» ^09^^ 
iMdyes of tAC fides AB, AD. , 
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EXAMPLE I. 

Required the area of a trapezium, whofe diagonals are loo^ 
80 kcty and the included angle do^* 

A» radius 90° - lo.ooooo 

is to fine 60® - 9-93753 

So is f prod. 40CO - 3.60206 

To rhe area 3464 = - 3-53959 
Ex. 2. Required the area of a trapezium, whofe diagonals 
are 120, and 140 yards, and the included angle jo^. 

. jinf* 4200 /qUare yards. 
Ex. 3. What is the area of a trapezium, of which the dia- 
gonals are 80 and 60 Scots chains, and the included angle 60"^? 

j^nf. 207 acres 3 rocds 9 falls. 
If the trapezium be infcribed in a circle, its area may be 
found by the following rule. 

Add all the four fides together ; from half their fum fubtrafl: 
the fides feverally ; then multiply the remainders continually 
into each other, and the fquare root of the laft produ£k will be 
the area. 

EXAMPLE. 

Required the area of a trapezium, whofe fides are 12, 13, 

M, 15- • 

12 27 27 27 27 

13 12 13 r4 15 

14 — — — — 

15 15 14 13 U 

2)54 
27 



15X 14X 13 X 12=32760 aBidV3 2760= 1 80,997 jifff. 

PROBLEM 
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PROBLEM XI. 



^ofind the area of an irregular polygon^ 



RULE. 

Refolve the polygon into triangles by diagonals ; find the 
area of each triangle feparately^ and their fum will be the area 
of the whole polygon. ' 

EXAMPLE L 

Required the area of the following figure, ABCDEF, whof^; 
perpendiculars and diagonals are given. Fig* 78. plate 6. 

AC = 1050"' 

FD = 980 \ 
Cc ^ 600 { 
Ee = 200J 



linkt. 



To find the area of ABC. 

1050 AC • 
320 Bb 

21000 
3^50 

2)336000 

• 

168000 in fquare links. 

To find CED. 

980 FD 
600 Cc 



J 



To find ACE. 

1050 AC 
420 Ff 



21000 
4200 

2)441000 



2)588000 



294000 fq« links. 



220500 fquare links. 

To find the area of FDE. 

980 FD 

200 Ee 



2)196000 



98000 fq« links 



The 



*3<» 
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TABC 

The area of] ^ 

i. FDE 



: I($8000 
: 220500 
: 294000 
: 98000 

7.8P5OO 



3.22000 

■ I * 

8,8oo9o 
30* 

24.00000 
20000 



/ 24.20000 

A^/. 7 acres 3 roods 8 perches 24f jwr<//i 

llie above example may be rendered more (imple^ by redii' 
cing the figure to trapezias* 



Bb = 340 
Ff = 420 



2)740 
■III iiiii 

37# 



1056 
370 



73500 
3150 



Cc 600 
£e 200 

2)800 



400 



388500 the trap* ABCF« 

980 
409 



392000 s FCDErf 



388500 
392000 



rfl^ 7 /v* 3 r«^ %pir. 241* jM2r« 7.8ei5€o as before. 

Required 
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Requiied the area, of the irregular figure ABCDEF, of 
which the fide AB is 40, AC 5c, AiD 55, A£ 69, AF 36 Sco^ 
cb^9 i and tke angles are as follow. Plate 6,J!f. to* 

BAC4o\ 

CAD 43^ 

DAE 40** 30'; 

EAF 48^ 20'. 



METHOD L 



To find tlie ansa of BAC. 
\^s rad. 90 - 10.00.000 
is to fine 40® - 9.80807 
SpisBAXAC 

**— — ~ 1 000 3, 00000 

To area 642.8 == r ^.60807 



To. find CAD, 
As rad. 90 - io.ooQO(^ 
ts to fine 43° - 9,83378. 
SoisACxAD i375=3>»38io 



To area 937>7 — - 2,97208 



To find DAC; 
As rad. 90 - lo^ooooo 
is to fine 40** 30" g,8 1254 
SoisDAxAE 

' ■ 1898. 3,27830 

I^Q area 1232 - - 3.09084 



To. find EAF. 
As rad. 90 - - 10.00000 
is to fine 48'' 20' - 9187334 
SoisEAxAF 

— : 1242 3,09412 



j^To area 927,8 



T^ic area of A^C -. 642.8* 

o£ CAD - - 937.7 

of DAE - 1232.0 

^ EAF - - 927.8 



Anfi 374*03 acru. 



10)3740.3, 

• * 

374-03, 



2.9<S74.6. 



METHOD 



:i3« 
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METHOD n. Byfiniittg the tnpenJ&culars. 



r 



To Bni Bb, 

Am tad. 90^ - 10.00000 

U to AB 4a , *- i«6o2o6 

So is fine 40*^ - 9,80807 

To Bb 25*71 * ' x>4loi3 

To find Dd. 
As nd. 90 =s « 10,00000 
ia to AD = 55 =s 1,74036 
So is fine 40"^ 30' - 9,81254 

To Dd 35,72 r 1155*90 



To find Cc. 

As rad« = 90 = r lo.oooott 

is to AC s= 50 = IJ69897 

80 is fine 45^* - 9*8337* 

■ "J ■ ■ ■ 

To Cc 34.1 =s - i.53*7S 

To find Ff. 
As nd, 9e'' - XO.0000O1 
is to AF = 36 =: 1.55630 
So is fine 48^ |o^ - 9187334 

To Ff 26.89 =5 - ij/i296ji^ 



NoWjt to find the area bj bafes and perpendiculsuri^. 

a5-7« ^ 50 .= ia85*f 

34>i X 55 = »^75-5 
35-72 X 69 = 2464.69 

26.89 ^ (^=: 1855.41 



2)7481,09 twice tbe afexi 

10)3740.545 

374-0545 

Jn/l 374-0545 ^'•^A 

Zx. 3« Required the area of the following polygon, where* 
ef the fides arc as follow, viz. AF 31.5, ,FE 33.5 ED 25.5, 
DC 38.5, CB 43.5, BA 34.5, AE 60.5, Ai> 81.7, BD 74.3 
Engliih chains* Mf, 277 acres 3 ro. 12 perches^ 



PRO- 



— • ■■ »-• » » » . 
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PROBLEM Xn. 

^ofind the angles of mny regular poIygofU 

)Sy cor. ifti I. 3^. Euclid. All the anterior angles of any. 
fe£^ilineal figurci together with four right angles^ are equal td 
twice as many right angles as the %ttre has fides* Hence the 
Sallowing rule. 

kULE. 

iProm doilble the number of Cdes fubtradl 4^ and the re- 
mainder is / the number of ^«(ght angles contained by all 
tiie fides of the polygon. Multiply the remainder by ^ and 
idivide the produA by the number of fides, the ^uot gives tfat 
cfifets in aiiy of the angles. 

"^ iXAliPLfi I. 

Ileqilired the angle df a pentagoki^ 
f No. fidesk 

16 
4 

6 teuu 
90 

S)S4o 
to8 degrees in each aiigk* 

£z. !• Required the angle of a heptagon, ^nf. taS^ 34 V 

iEx. 3. " '^ • ' » • ot a hexagon. Jtnf. 1 20.. 

Ex. 4. I • ' ■ of a decagon, ^nj. 144. 

£s« 5* ' I M il 1" of an odagon* jtnf. 135. 

T» PRCU 
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PROBLEM Xlil. 

JTofind the area of a regular polygon* 

RULE. 

Tind the area of a triangle, conftra£bed on one cf the Mel 
of the polygon, and whofc vertex is in the centre ; then mul- 
tiply this area by the number of fides, and the product will be 
the area of the polygon. Or, 

Multiply the perimeter by the radius of the infcribed circle^ 
and half the produf); is the area of the polygon* 

EXAMPLE I. 

Required the area of a pentagon, w^ofe fide is i6. 

ift^ To find the angle. To find the rad. of theinfcribtd^ 

5 As rad. 90 = - io,oooc# 

2 18 to EG 5 ^ - 0,69897 

— So is tang. 54 = - 10,13874 

10 ■ 

4 To FG <3;882 = - 0^8377* 

6 
90 



rtM 



5)540 



Angle loS 



The perpen. 6,8ffa 
i the bafc - 5 

34.4:0 
No* fides - 5 



• 



Area - 172.050 

£x» 1. Required tlie area of a hexagon^ wliofe fide is 30^ 

yf/j/:2338.2 

Ex. 3- 
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Ex. 3* Required the area of a heptagon^ whofe fide is i« 

Ex- 4. Required the radius of the infcribed circle, area^ 
internal angles, zhS wangles at the cehtre, for tllfc following 
polygons : viz. The trigon, tetragon, pentagon, hexagon, hep- 
f igon, b£tagon, enneagon, decagbii, liiid^cagon^ and dodecagon, 
the fide of each being x> 



Nimet. 

Trigon 

Tetragon 

Pentagon 

Hexagon 

Heptagon 

0£tagon 

Enneagon 

t)ecagon 

Undecagon 

Dodecagon 



oi^. 



No 
Isides. 

3 

4 

5 
6 

7 
8 

9 

lo 

II 

I 12 



Rad. inf. clrc. 


Areas. 


Int. Ang. 


Ang. t cent. 


0.288674 


0.433013 


6o« 0' 


120** 0' 


O.J 


I. 


90 


90 


0.688190 


1.720475 


108 


72 


0.866024 


2.598072 


120 d 


60 


1.038260 


3'<^339i2 


128 34^ 


51 25^ 


1.207106 


4.828427 


«3S 


^5 


'•37373» 


6.181824 


140. 


40 


1.538841 


7.694205 


144 


36 6 


1.702840 


9.365620 


147 16 A 


32 43tV 


1.866024 


Ii.i96i44 


150 


30 



Regular polygons of the like nuniber of fides are fimilar, and 
fimilar furfaces are to one ailother in the duplicate ratio of their 
homologous fides ; but the fides of the polygons in the fore- 
going table are each of them i ; therefore, as the fquare of i 
is to the tabular area, fo is the fquare of the fide of any given 
polygon to the area required : Hence the following 

RULE. 

Multiply the fquate of tlic fide of any given polygon into 
the tabular area of the like polygon, and the produfl will be 
the area of the polygon. 

Ex* 5. Required the area of a pentagon whofe fide is 20 feet« 

20 Pentagonal tablular area z . 7 2G 47 5 
Sq. of the given Pol* fide 400 



20 



400 



T % 



688. 190000 fi'feeU 

£x. <. 



^i MiENStJR AtlbN OF SXJRFAidES^ 

Ex. d* Wbat is the area of a hexagon^ whofe fide h ^# 
yards? j^^ 6/^^^aZ fquare yards. 

Ex. 7» Required the area of a ^hexagon^ whofe (ide is 29 
Sect* Anf. 1029*2288 

Ex. 8* Required the area of a pentagon, whofe fide is 4* 

Anf. 27.5276. 

Ex. p. How man^ fquare yards are ih a decagon, whofe 
fid^is 12 feet? Anf. tlj yards 11 inchis 6^ fir, 

PROBLEM XIV. 

Tht ana tfapolygtm being gintm to find thejide^ 

RULE* 

Divide the area of the given polygon by the tabular area of 
the like polygon, and the fquare root of the quotient will b<^ 
the fide of the given polygon* 

EXAMPLE L 

■A. ^ * 

Required the fide of a pentagon, whofe area is 61.937 1^ 

1.720475)61.937100(36 

51 61425 ;^^— a- 

' 36:^ the fid^ of polyi 

10322850 
10322850 

Required the fide x£ a decagon, whofe area is 3077.689. 
fquare yards. Anf 2Xi yards. 

Ex. 3 What is die fide of a trigod, whofe area is 1 73.202 jf 
fquare yards ? Anf 20* 

Ex. 4* Required the fide of a pentagon, whofe area i^ 
27.5276 fquare yards* Af^. 4 yards. 

Of 
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OF THE CIRCLE. 



/\. CIRCLE may he conddered as a regular polygon of an iik 
finite number of fides* 

The area of a circle is equal to. the area of a triangle, whole 
bafe is equal to the circumference, and height the radius* 

The proportion of the diameter to the circumference may be 
found thus : Delcrihe a polygon of a great number of fides^ 
about a circle pf a known diameter, and infcribe another of the ' 
like number of fides i find the peri^etet of eadhj and the fquare , 
root of dieir produft will be the circumference. Hence the 
circumference 6f a^cirde whofe diameter is i^ is 3*i4X592653 
58979323846264338^^7950288, of which number 3.1416 may 
be ufed, it being fufficiently accurate ft>r moft pra£tical pur* 
(ofes. 

PROBLEM XIV, Pkti 6.J^. 8a* 

Tife diameter being given to find the circumfereniie 

RULE. 

Multiply 3.1416 by the given diameter} the produfl will bt . 
^e circumference* 

EXAMPLE I. 

Rcqiured the cvcumfereoce »£ a cir^e, wbofe diameter is 
M <cet. 



m 
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^nf /^'ifeet 1 1 inches ^ifaiii neaf^J^* 



3.1416 

125664 
31416 

43.98x4 

• * • . 

11.7888 

12 



9.4656 

Ex. 2. The dtftance betweem the cog8 of a miU-wheely an^ 
t}»e centre of the axle, is 5 ieec ; how. many cogs, at 4 inchei. 
pitch, will the wheel admit of? Anf. 94*248 cogs, 

Ex. 3. The fame thing being given, required the true pitd^ 
for 61 cogs, Anf, 6 inches 2" 2'" nearly. 

Ex. 4. Suppofiifg the earth t6 he an cxzQr fphere, requireic 
its circumference, the diameter being 7958 miles. 

Aft/, 25000.8522 mi/es, 

Ex. 5- Required the circumftrence. of a circle, whofc radiu4^ 
h 15 feet. Anf. 94T^VTy/^^- 

Ex 6* What is the circumference of a circle, whofe diame-^ 
\ct U 48t inches ? * An/, 12/eet 8 inches 4t pans. 



PROBtEM XIIL 
The circumference, ef a circle leing given% UjinJtteJiameterm, 

RULE. . 

Divide the circumference by 3.1416, and the quotient wiil; 
b9 the dijameter. 

EXAMPLE L 

Required the d^sunctcr of a circle wbof($ circumference U 
J448. "* ^ 3'H/^. 



IISNSURATION OF SURFAO^. |^^ 

3.i4i6)94.248p(30 feet 
94248 



Ex. 2. What is the diaipeter of a circle whofe circumference 
15 80 feet ? A^f.- i^^^6i^}eet. 

Ex. 3* Required the diameter of a circle> whofe circumfer- 
ence is looo. Anf. 318309* 

Ex. 4. Required the diameter of a circici whofe circum- 
ference is 64 feet. AnL ao.368. - 
' Ex. 5. Required the diameter of a ipilftonct whofe circum- 
ference is %^ feet. ^/j/C 7.0028. 



f ROBLEM XlVx 

Ut dianuttr and arcamfennce of a eirck being ghen^ to find 

^ the area. * 

RULE. 

Multiply half Ae .radius into the circttrnferenee) and the*pro- 
du£l is the area. ' 

EXAMPLE k 

Required the awa of a circle whofe diameter is Xi^ 

3.1416 circum* 
•2 c half the rad^ 

-1J7080 
62832 

.785400 



% <^^^^r 



H«S 
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C3IECI.B0 »€ fimSat figures.; and Cmaar forfaces are m tV 
fquares of their corref}Kmdiiig fides ; therefore, as i * is t<\ 
•7S54 i (the area of a circle wkofe diameter. i$ 1 > fo is the fquare^ 
fKf apy jpven diamet«rtath(6 area require^r Hcnce^ 

RULE H. 

l^uhipty thie fijuare of the dbmeter bj the coqEUWu numbe^ 
'*7^54> ^ ^ ptpdtt6l is the area. 

IXABfiPLEBv 
itecpdred tjke ajfea^of a circle, whole diaijseter is 12 feet. 

T^ 3« How many fqvare feet are ia a table, whofe diametei^ 
IS 6 feet ? jirtf. 28.2744 y^^. 

Ex. 4* What IB ibfi a<^ of a^ circular court, whofe diameter 
is 24 yards ? . jihf. 45 2.3904 /quare fords. 

Ex. 5. How msli[vy fquare mtles are io, a great circle of the 
qurth, ^s diameter being 7957^ miles? 

^;^ 49736071.58880750. 

Es« 6 What ^ thp area of a circle^ whofe diameter is jj^ 

feet ? jln/: 1 1 .0446875 /fuarf fat. 

Ex. 7. Reqttirc4 the aiiea of a. circular garden, whofe radius.^ 
is 160 links of the Englifh chain* Anf^ 3 roods % poles 20 jfds. 

]^ 8.« What is the area of a circle, whofe diameter is 2 feet?. 

An/ 3.1416. 

Ex. 9. R,equired the drea of the ritig between the circumfe- 
rences of two conqeimrip citcles, their diameters being 29 and 

;?JS^ ¥«*?>•. ' ^^ 1 3 7.445 yj. iVirAw. 



fKGBUMi, 



)lfE)lStmATIdKt)^$URFM^ ^49 



Problem, xv. 

STi&f circumference of a 'tircU beii^ S»>e% hftii IJ^ <»«*»' 

RULE. 

Aitaltiplj the fqtiare of the cttctunletMceby •075^775, 
the pro<Iti& wiU be the alrea. 

EXAMPLE L 
Required th6 area of A circle wbofe arcom^nrtibtie-u t> 

.079577s 



^tOm 



.079577s 

£x. 2. Vflax is the area of ji clrdei wKofe cifqumfid'enee Is 
5 feet? Anf. 1.9894375. 

Ex. 3, Required die aita of a circle whofe ctrcumfetekice i§ 
loo prds. -^1^ 79S'77S- 

Ex*. 4. The etpence of inclofing a circular court at 8s. p€f 
yard, anibuhted to 3201 j required the expetice of paring it» 
<l 6d« ^^r fquare yard. ' Anf. 1273I. 5s. 7d. ^ 

Ex. 5. How many fquare feet are in a circular table, whole 
circumference is 15.1328 feet ? Anf, $0,2656 fq. feet. 

Ex. 6. Required the area of a circle^ wfaofe cif cumferenoo 
is 31.416. Anf.'jZ^i^. 

PROBLEM XVL 
The area ef a eirik being given, tojhtd the Hrcumferinc$^ 

RULE r. 

DiTide the area by »0795775, and the fquare root o£ihe qud« 
4Uat will give the «irv^(Dfcrfn^« 



>48 ^EflSURATIOI^ OF Sl^RFAOffi. 

RtTLB 2. Divide the area by .7854, the fquare root of the 
(quotient will give the diameter ; then find the circuraferencik 
by prob. la. - 

EXAMPLE I. 

The area of a circle being 5oa6.$6 fquare feet ; required th^ 

l^rcumfcreiice. 

By Rule t. 

;o7^5775)5026-56ooooo(fi3i65.3J>3i f<j; cifcUm:] 
4774650 . 

2519100 



4317750 
79S775 

5219750 
4774650 

»■ * 

4451000 

?97887y 



4721250, &c. 
$tid 63 165.393 1 = 251. 327 feet. jtnf. 

By Rule II. 

•7854)5026.5600^64000 fq. iii^ 
47*24 



31416 
31416 

• 

. .. \/ — ' — "^ 

kiii 6400 = 80 diameter. 

3-1416 
80 ' 



» • 



ai5i.328o feef. Anf; 

Ex. 2U 
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Ex* 2* Ra|uired the circumference of a circle, whofe area is 

79S-775- ^ . ^ ^ Atjf.ioo. . 

Ex- 3. WEai is the circdinference, Tvhen the area is 452.3904 
fquare yards ? • Anf. 75- 3984 yards^ 

PROBLEM XVli. plate 6.fg. 81. 

^ofind the *cb&rd of any arch of a circle^ the diameter and ver/ei 
Jine^ or btight 9f the arch being given. 

Becaufe CD and AB cut eaich other within a circle, the 
tedangle coiltained by the fegments of the one is equal to the 
reAangle contained by the fegments of the other. EucRd IIL 
35. That is, BExAE=^CExED},but CE is equal to ED 
Euclid 3. 3. therefore, 



, » ■■ y 



BfexEA=CE» and ^BE>cEA=(iE,artd2CE=CD«hechord: 

Or, CD may be found thu3« 
Since B A and AE are given, CG and GE are alfo given ; 

wherefore ^CO»— .GE*=CE and tVicc CE=iCD. Hcnec 
the following rules : 

RULE L 

from the diameter fubtraft the vcrfcd fine ; then multiply 
the remainder by the verfed fine, and twice the fquare root of 
the produdt will be thid chord of the arch. 

RULE IL 

Fromihe fquare of the radius fubiraft tlie l*qUare of the dif- 
ference between it and the verfed fine, and twice the fquare 
rbot of the remainder will give the chord of the arch. 

EXAMPLE I. 

Required the length of the chord of an arch> ^^Tiofe hdght 

11 8 and diameter 40 feet. 

Sy 
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By Rule Ik. 

From diam* 40 
(ubtr.ver. fine 8 

* Rem. }2 
V. Sine 8 



Rad. 
V; Sirtc 



256(i6hal£thech. 
I i 

t6)is^ 22 the dioi-d. 

156 



By RuS 2k 

20 
8 

diff*. 1 2 

20* = 406 
12^ = 144 

256 

256=116 half the chordi 
2 



32 the chord as 



Bx. 2. What 18 the chords wlien the diiftmeter is 60, and ver^ 

fed fine 16 inches ? ^nA 53.06 wcies. 

Ex. 3 Required the chord of an arch, when the diameter 

is 59 and verfed fine 14 feet. Anf, 44. 8998 ^r^. 

Ex*. 4. What is the chord, whetl the diameter is 40, and 
height of tlie arch 4 ? jinf 24. 

Ex. 5. When the radius is 6Ay and the verfed fine 8, re* 
quired the chord* jirtf. 64. 

Ex. $. What is the chord, when the verfed fine it 14, add 
the diameter 70 inches ? jlnf, 56 inches* 

PROBLEM XVIIL 

^he cbm d and verftdjint tf'an arch htmg giiffh tojlnd tit diamf' 
ter of the circle of which ^ ateb it a part* 

RUUL 

Divide the fquare of half the chord of the arch hy the fttki 
txit, to the qiiotiem add the vcried fincj aiid the fum will be 

the diameter- 



tuxsiz 
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♦ EXAMPLE I. 

What 18 the diainet(^c» when the chord is 48^ and the TCi^* 
ftd fine 8 inches ? ^ 

a)4$ 24* =35 576. fq. 4^ the chord. 

Half^hordz^ 8)576 

72 quot. 
8 verfed fine« 

tfie diame^. 19 do' inches. 

Itz. 2. Required the diameter^ when the chord is 3^6, and. 
l|eight 3. Anf. 1 x i inches. 

Ex. 3* What is tlie tjulius, when the verfe4 fine is 8^ and, 
the chord 60 ? Art/. 60^. 

Ex. 4. Reqmred the diameteCy when the chord is 30, an^ 
^e verfed fine 4 feet. Anf. 60^25 feeU 

Ex* 5. When the 'Height of the ^rch b 2 fee^ and the chord 
4 feeti seqiured the diameter^ Anf. 6*5 feet. 

PROBLEM XIX« plate 6>Jig. 81. 

^ofind fhi chordtf half the archy atiy two of the following temu- 
being given ; namely, the verfed fine , chord, and diameter. 

When the verfed (he and chord are given. 



Becaufe AC» +DBa=;ABs therefore ^ACa +d6»=AB hence. 

4 4 

RULE L 

Tp one fourdi of the fquare of the chofd of the arch add 
die fquare of the verfed fine» and the fquare root of their fum. 
vill be tl^ cbprd pf balf the arch. 

Whav 
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When the verfed fine and diameter are giretw 
Bccaufe AD* = BD X DE, and AD» + BD*= AB», tliercfore,, 



BDxDE+BDj=AB2 and ^BDxDE+BD* ^ Afi the cfyni^ 

m . 

RULE n. - 

t 

From the diameter fubtrad the vef fed fine, multiply the rc^ 
mainder by the verfed fine, and to their produdi add the fquare 
of the verfed fine, and t^' fijuare root of the fum will be the 
clioidctf half the arch. 

When the chord and diameter are giveQ> 

^^AGi^AD*=DG and GB.--DG=iDB' the verfed fin^ 
Then proceed as in Rule L 

EXAMPUE h 

Required the chord of half the arch, when the diameter h 
48^ and the verfed fine 4 feet. 

68 diameter 
4 verfed fine 

4 ver. fine 

m 

256 

16 fq. verfed fine 

274(16.49 
I. . ^ 

26) 1 72 



324)1620 
< 1 296 



3289^30400^ 
29601 



&• 



1 
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Ex. 2. Required the chord of half the arch^i when the chord 
of the arch is 32, and vetfed fine 4 fee( ? Anf. i6.49« 

£i. 3. Required the chord of half the arch, of which the 
dkmeter is 26, and verfed fine 8 inches* jinf. ii.65 inches: 

Ex. 4. Required the chord of half the arch, the chord of the 
urch being 60, and height 8. jfnf, 31.048. 

Ex. 5. What is the chord of half the arch, when the diame- 
ter is 26, and the verfed fine 6 ? jfnf, i2*49* 

Ex. 6. What is the chord of half the arch, when the verfed 
fine is 140 and chord 360 links ? jinf, 228.03 links. 

Ex. 7. When the chord is 3?, and verfed fine 11^ ; Re- 
quired the chord of half the arch. ^ Anf. 19.3. 
. Ex. 8. Required the chord of half the arch, when the dia- 
meter is 80, and chord 60 feet* Anf. 3 2.91 2* 

PROBLEM XX. Plate %. Jig. ^^u 

The chord of half the arch, and the chord of the whole arch 
being given, to find the height of the arch, alfo the diameter bf 
the circle of which the arch is a part. 



AB»— AD» = BD, or verfed fine.' 
AD* 



==: D£ and BD + DE = BE the diameter; 



BD 

RULE. 

From the fquarc oi the chord of hal^ the arch, fubtraft the 
fquare of half the chord of the whole arch, and the fquare root 
of the remainder will give the verfed fine. Then divide the 
fquare of half the chord of the arch by the verfed fine ; and to 
the quotient add the verfed fine, the fum will be the diameter. 

X EXAMPLE 
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tlAMPLE I. 

Required the diameter when the chord of Uf the ar^kia.A^ 

and the chord of the aarch 14 inches* ./ 

From i©^ = 100 
Take 7*= 49 

51(7.141 ▼eifcdfihi 
49 



141) 200 
141 



1424)5900 
5(^96 . 

'414281)20400 
14281 
■» ' 

iiip rem*. 

7,141)49 fq. i cliord. 

6.861 feg. diamct. 
7. 141 verfed* 



^ 



i4.Cto2 diameter. 

Notef When the Verfed fine is greater thah the other fegment 
of the diatoieter, the arch is greater thah a femicircie* 

Ex. 2. Required the diameter, when the chord of the afch 
is 40, and the chord of half the arch yo feet, jinf, 40.7 1. 

Ex. 3. What is the diameter, when the chord is too, and 
the chord of half the arch 54? ^nf. 141.13. 

PROBLEM XXI. P!ate 6. fig. 83. 

fofind the length of any arch of a circle^ any two of thefe being 

givenf 
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given t viz- iht Jiatneter or radius y verfedjine, chordy or chord of 
half the arch. , 

RULE I. 

Find any two Gdes of the right-angled triangle ADG ; then^ 
by trigonometry, find the angle AGB, and twice that angle 
will m^aCure tl\e ar(^ ABC. 

Then fay, as 360^^ is to the number of degrees in the arch 
ABC, fo is the whole circumference of the given circle to the 
length of the ardu 

. Rule 2. From 8^ times the chord of ^ half the arch, fubtrafk 
the chord of the whole arch« and f- the remainder wiU give the 
length of the axdi Acaf ly. 

EXAMPLE I. 

Reqtiirtd the kl^gth of the arch ABCj its hcightis 8 feet, 
^ja4 chord 40. 

Sq. of ^ chord = ao» =s 40a . 50 = DE. 

and 400 8 = BD 

— — = 50 = DE — 

V/:rf..f. 8 2)58 = BE 



By Rule I.; 

To find the angle AGD. 

As AG = 2Q = - 1.46240 

is to rad- 90. = - 10.00000 

So is AD = 20 = - 1. 30103 

Tb finc/.GD 43'' 36' 9.83863 

2 



29 = AG 
20 = AD.. 



Ang. AGC=^ - 87 iz 

3.1416 X 58 = 182.2128 circum. 

As 360^ : 87.2 : : 182.2128 : 

As 45 ; 10.9 : ; 182.2128 : 44-I35289* -^ 



( j^ mensurahok of surface^ 

By Rule U. 

lo* = 400 = AD^ 
8* = 64 = BD» 

464(21.^406^ ikt chord gf ^ ardb 
4 



41)64 
4« 



425)2309 
2125 



21.54065 

4304)17500 a 

17216 ^ . 

^ r- 172.32520 

430806)2840000 40 

2584836 



4308125)255.16400 



3)132.32520 



21540625 44. 1 084 Anfir 



397577s 
Ex. 2. Required the height, alfo the diameter of either fri* 
gi4 zonej the diameter of the earth being 7958 milesj and ^e 
polar circles 23° 28' diftant from their poles* 

PS = 7958 diam. 
AC = 3979 femidian^. 
Ang. ACD = 23° 28' 

To find AN, the diameter of the zone^s bafq^ 

As rad. 90 - lOtOoooo^ 

is to AC 3979 - 3-59977 

So is fine ang. C 23*^ 28' 9.60012 

To AD 1574-5 - Z'^99^9 

2 



AN = 31490 = FK, 
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To find PD the height of the zone. 
As rad. 90 - - 10.00000 
is to AC 3979 - 3.59977 

So is co-fine 23* 28' = •- 9-9625 c 

To DC = 3650= - 3.56225 
eP— DC=Pa>, that is 3979 

3650 

The height of zone 329 

If. B. I. Here it may be ufeful to obferve, that^ becaufe thei 
^iangles ADC and TFC are equal and (imilar, CA : DA : : 
TC : FC, but AC is equal to TC •, thejcfore, AP=FC and 
^AD=s2FC, hencie it is evident, that thp height of the torrid 
Eone is equal to the diameter of either frigid zone. 

I^ 2' In like mariner it might be demonftrated, that the 
height of both temperate zones, together with the height 
of the torrid zone, are equal to the diameter of the greater, 
bafe f>f either temperate zone, or tq the diametof pf the bafc 
of the torrid zoni; at the tropics. 

PROBLEM XXIL plate 6. ^g. 83. 
^ofind the area of the ft Box of a circle • 

RULK 

Multiply the length of the arch by ha}f the radius, and tha 
produ£^ is the area. 

EXAMPLE L 

. Required the area of the fe£lor ABCG, AC the chord ot 
the arch being 609 and BD the verfe$i fioe 8. 

To find the radius^ 
AD"^ 900 » 

•^— =s — =s 112.5 and 112.5+8=120.5 the diameter. 
BD 8 ' 60.25 = AG rad. 

52.25 = 00 

T^ 
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To find the numl>er of degrees in the ardi ABC^ 

As DG = 52.25 =< 1. 71809 

is to rad. 90^ - 10.00000 

So is AD = 30 - - 1.47712 

to tang. AGD 29*^ 52' = 9-75903 

2 



59 44 = arch ABC. 
360^ : 59^ : 44' : : 378-5862 : 62.8133.. 

62.8133 leng^ of the zx^ A6Q». 
60.25- 



3140665 
1256266^ 
3^7687980 ^ 



^)3784-50'325 



— V. 



892.2506625 Jnji 

METHOD II,-. 

Find the length of the arch by pto1>..2il^ 

30*' = 900 = AD* , 
8*= 64 = BDV 



964 



964 = 31.048 chord of f the arcb. 
8 



248.384. 
60. chord of the arch*^ 



3)188.384 



1^.794 length of the ar(^h». 



.•• * 



•BlML, 
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By the Role. 

62.794 
60.25 



3»397<» 
125588 

,. 37<57<54o 
»)3783-338So 

I 89 f. 6602 c 

£^. i. What is the area ef a feAor^ when the Verfecl Che h 
'5> and chord of half the arch 10? jinf, 104.720 $• 

Ex. 3. Required the area of the fe£^or» when the chtfrd of 
)ialf the arch is I0| and the chord of the Whole arch 16 feet. 

Ex. 4. Required the area of a fe£^or of a circle, when thd 
'diameter of the circle is 6o» and the length of the arch 60 
yards- J^ttf, ^o/q. yards. 

Ex. 5. Required the area of 4 fedcMr, when the length df 
the arch is 15 6*28 feet, and the diameter 140 feet. 

-jiff J4^-8y5'./^rf. 

Ex. 6* When the length of the arch is 54, and the radius of 
Ihe circle 60^ required the atta* ,Aff/. 1620* 

PROBLEM XXIIL P/ate 6./^. 83. 
Tojind ihe area of aftgnunt of a drcUh 

RULE I. 

Find the Irea of a fe£lor» whofe arch is the fame with idie 

fegment, by the j^ceding ptoblem. 

Then 



S Wh^ the chord of half the arch 1% double the Ycrledi finci (bur timet tM 
Ttrfcd fine is efual to the disuucteri and the arch la^o 
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Then find the area of a triangle^ whofe two fides are the ra« 
dii of the fe£):or, and bafe the chord of the arch. Subtract or 
add the area of the triangle^ according as the fegment is greater 
br lefs than a femicircle* 

Rule 2. Multiply the chord of half the arch by if, to the 
produ£): add the chord of the whole arch, multiply this fum by 
the verfed fine, and -r^ of the produ£l will be the area of the 
fegment. 

EXAMPLE L 

s 

What is the area of the fegment ABC, its chord being 60 
and radius 5.0 ? 

By Rule t. 

a5oo=AE* 

9oo=AD* 

. i6oo=DE* 
4o=DE 

To find the length of the arch ABCJ* 
As AE=5^o 1.69897 

to Rad.=9o 10.00000 i 

So is AD=3o 1.47712 



To fine ang. AED 36° 52' 9-77815 

2 



73-44 
360^ : 73® 44' : : 314.16 : 64.344 the length of the arch; 

64.344 X 25=i6o8»6 area of the fee. ABCE. 

DE=2ox<5o=i2oo = area df tri. ACfi 

408.6 =£ area of feg. requiredt 



lildstJRATidN m ^sxiRPMm. at 



By Rule II. 

From 5o=BE 
Take 4o=ED 

iR.ein. io=:BD verfed (inc. 

To ioo=BDa 
Add 900=AD» 

iooo=AB» 



And 1000=3 i.6a28=AB 
31.622^ 



31.6228 

„ 1 0-54093 



42.16373 

60.00000 choM of \ afcfi. 



102.16373 

10 verfed^ 



1021.6373 
lo)4o86.;492 ' 



406.654^2 Anf. at bcforoi 

Oir thus: 
Divide the verfed fine by the diameter, find the quotient ifi 
the column of verfed fines, and multiply the cortefponding aresi 
by the fqUare of the diameter for the area of the fegment. 

The example being the £ime as before^ we have the verfed 

Biie equal i^j and diameter loo. 

iao)io-o(.t 
10^ 
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In the column of verfed fines find .i 

And the correfponding area is .04087^ 

Sq. diameter, - - loooo 

Area at before, 408.750000 

# 

Ex. 2. Required the area of the fegment, when the arch i$ 
90^ and.diametcr 36 feet. * An/* ^2.46^ fq. feet. 

Ex. 3. What is the area of the fegment of a circle, when the 
diameter is 25 and verfed fine 9 ? An/. 159.09. 

Ex. 4. Required the area of a fegment, whofe chord is 32^ 
die radius being 20. An/ 178.9168. 

Ex. 5. Required the area of a fegment, its verfed fine being 
3^, and diameter 50 yards. Anf. 54.1475 ^jr. yarJr. 

PROBLEM XXIV. 

Tfijind the area of the cychii* 

l)BFrNITIONS. 

1. If the circle ABGE roll on the ftraight line CD, fo thai 
ali the points of the circumference be applied to it fucceflively^ 
the point x, that touches the line CD in t> by a motion thus 
compounded of a circular and re£lilineal motion, will defcrib^ 
the curve line CBD, which is called the Cycloid. 

2. The ftraight line CD is called the bafe. 

3. Tlie ftraight line AB, perpendicular to CD, and bife£ling 
!t, is called the axis, and is equal to the diameter of the gene- 
rating circle. 

4* The generating circle b tliatby whofe revolution the curve 
line is defcribed* 
5. The point B is called the vertex. 

Note. The bafe CD is equal to the circumference of the ge- 
nerating circle, and the cycloid CBD is quadruple of the dia- 
meter. Vido Sir Ifaac Newton's Philofophical Difcoveries. 

RULE 
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RULE. 
Multiply the arcd of the generating circle by 3j and the pro- 
4a£ii9 the area of the cyclqid* 

ft 

EXAMPLE ^ 

Required the area of the cycloid^ when th^ diameter of the 
fenerating circle is 4 feet* 

4 

16 

■7354 

47124 
7854 



12.5664 avea4>f the generating ciNl«« 
3 



37.6992 fq. feet, area of the cycloid. 

tx. 2» Required the area of. the cycloid^ whofe bafe ' is 
Tj;.i328. jtn/l 150.79. 

Ex* 3. Required the area of the cycloid^whofe-length is 40^ 
fcet. -rfg/T 22S^2 Jq./iet. 

PROBLEM x!XV. 

iS^find the Jim andcoftne ofa^mtryfttuJlMr^hf fucb as l' ^ 

A fmall arch fuch as i \ may be confidered nearly equal to its 
fifie* Suppofe^.then, the radius of a circle to h^ loooop, in 
mijiichcafe the circumference will, be 628318.52 j therefor^. 

628318.52 

' ■ will quote 2o«o8, the natural fine of 1'. Since the 

60X360 M y » . 

fijuare of the hypothenufe of a right angled triangle is equal to, 
t^e liim of the fquares of the legs, therefore from the fquare o£ 

T2 the- 
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the radius fubtradl the fquare of the fine of any arch, aqd.th^^ 
iipiare root of the remainder will be the cofine of that aich« 

Thus 10000000000—845.64=99999.9 the Qpfine. of i' 

The yerfed fine x B may be found by fubtraAing the cofine;. 

frpm the radius. 

PROBLEM XXVr. 

Tkijini and cofine of any arch^ being given, tQ find: ibtj^m and 

Jim of its doubUm 

RULE. 



All t)ie radium is to the cofine of «ny arch, fo is twiee the fiofi. 
of that, arch to the fine of its double* 



EX^MPLR 

Ri^uired the fine and cofine of two degree^p the fine of.l,^* 
being 1745, and cofine 99985. 
Rad# Confine i"" 
100000 ^ 99985 : ; 3490 : 3485^47 nutural fine of 2* 

3489.47* x= 

^g ■ I 11 ■ I I . Ill 

If three arches diifer equally^ the radius is to the cofine of- ^ 
die middle arch as twice (he fine of the difference is to the dif« 
ferenqe of the fines of the greateft and lead arches- 
Ex. 2. Required the fine and cofine of 3*^, ihe fine and c<h. 
fine of X® apd 2® being given* 
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4 

xcs^oo. ; 99939 : : 3490 
3490 

JJ994510 

3997S<^ 
2998 I 7 

3487.871 10 ==AL the diiK of the extreme ardifii^ 
1745 Sine of I® 

5232.87 1 10 . the fine of 3*=;AF 

^Jhe coGnc o£ which is^EA^ — AF*=9p863 the cofine of 3* 

Ex* 3* The fiqe and^ofiiie 7^ and 3^ being given, required* 

the fine and cofine of 4^ ^^y. C Sine 6976 

•** ^Co-fine 99 75(i^ 

£x^ 4* Required-the fine and cofine of 5°, the fine and co*, 

fine of 3° and 4° being giyeo^ J f^ ^^^^ ^715-4^44 

'^ ^Go*fine 99619 

Ex. ;• Th^ gne and cofine of 4^ and 5^ bemg given, requjU.. 

Sine 10452 
Co-fine 9945$ 



XfA the fine and cofine of 6^-> ^ ^ CSine 10452 

• ^" ^Co-fin 



In like manner, the fine and cofine of every minute and de^ 
gree of the quadrant may be found \ but when the calculations 
are carried on the length of 6p^» the fines of the remaiinii^. 
arches may be found by the following mle t 

Take the fine of an arch as much, below. 60^ as ^e arch 
whofe fine is requirec^ above 60^, to which add th^ fine of 
the number of degreephat the propofcd arch czcee4s 6%^ \ the. 
fum will be the fine required* 

]^z. 6. What is the fine of 80'' ? 

' The fine of 60°— ao'^s^o^ is 64275^. 
The fine of 80°— <5o°=2o* is 3^202 



Tfh^ fine of So** - 98481 



K*. 



ijtf 5; SECANTS AND VERSED SRJt^. 

& 7. Recjuired the fine of 70^ 15' 941 18 

i- of 67** 14' 92209 

9. 0^79'* 30' 9^325 

10. of 89** 45' 9P999 

The verfed fine is found by fu^tra^ng the coGiie from the 
i|ius» 

PROBLEM XXVn* 

\ 7ofind the tangent anj cotangent of every minute and degree of the ^ 
quadrant f the fines and cofines being given* 

The tangent and cotangent of any arch may be found by ei<» 

ther of the following proportions : 

• Becaufe the triangles CED and CBA are fimilat» CD : DB : r . 

DJ^XCA 

CA : AB, therefore — = AB> the tangent of the arch, 

CD 

EA \ that isj the redangle contained by the fine and radius of - 

any arch, is equal to the re£tangle contained by the cofine and^ 

tangent of that arch. Hence^ 

RUtE L 

To find the tangent, multiply the fine of any arch by the rk 
ditis, and divide the produdl by the cofine, the quotient will be 
the^ tangent of that arch. 

The cotangent of any arch may be foiu|d uponihe fame prin-r 

f LExCF 
ciplcs : Thus, CL : LE : : CF : FK i therefore, > =FK •» 

CL ^ 

hence. 

Rule 2. Divide the produ£)r of the cofine and radius of any;^ 
arch by its fine, and the quotient will be the cotangent : of 
(which is the fame thing) fay. As the fine of any arch is to its^^ 
co-fine : fo is the radius to the cotangent of that arch- 
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It 18 alfo obvious, that AB : AC : : AC : FK» therefore 

AC» , 

— — =FK, that b to fay, the radius is a mean proportional be- 
AB 
[ tween the tangent and co-tangent of any arch. Hence, the 
^o-tangent may be found by the following rule— 

Role 3. Divide the fquare of the radius by the tangent of 

any arch, and the quotient will give the co^tangeht of that 

arclu 

I 

^EXAMPLE i. 

1 » • • • 

Required the tangent and co-tangent of 60^ , the co-line b^* 
ing 59090, and fine 86603; 

Conine. Sine. Rad. Tang, of 60^. 
By Rule i. 50000 : 86603 * * xooooo : 173206 jln/l 

By Rule 2. to find the cotangent. 

^ine. Co-fine. 

88603 : 50000 : . looooo: 57734 co-tan. of 60% or tan. of 3c** 

Rad. fquared, 1 0000000000 
By Rule 3. «- ' ■ ■ ■ ^=57)34> » by Rule a. 

tan. 60* . 173^06 

Ex. 2. Requin^d the tangent and cb-tangent of 40** 30' 

Anf. f^»"8- «54of I 
•^ (.co-tang. 1 17085 

Ex. 3. Required the tangent and co-tangent of 15^ 32' 

Anf. I'^'^y ^7795 
' (^co-Ung. 359772 

£x< 4. Required die tangent and co-tangenl of 20° 45' 

•'' t co-tang. 263949 

Ex. 5« Required the tangent and co-tangent of 80^ o' 

^^CTang. 567123 
■' ^co-tang. 1763a 

PROBLEM 
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PROBLEM XXVII/. 

Thfni ibefecaiH and ohjtcant of any cdtchy the Jim and iojine bi^ 

tng "ffvin* 

The figure as in laft Prob* 

fcO : CE : : CA : CBj or rather CD : CA : : CA : CB j 

therefore the reflangle contained by the co-line and fecant of 
ainy arch is equal to the f^uare of the radius : Or the radius is a 
mean proportional between the co-fiae atid fecant of any arch* 
Hence the iecant Is found by 

feULE i. 

Ibivide.the fquite of the radius by the do-(ine of any arch) 
tad ^ quotient wiD give the fecant of tha't arcfa. 

Rule 2. Divide the fquare of the radius by the fine oiT Wf 
•Tcfa^ the quotient will be tbe co-Iecant of that arch* 

Ketjured tbe tetaaxt and co-fepaot of (So* 

By Rule L 

' Sq. rad. looooooooob 

— *.^— - — =s aoooco fecant of fe* 
C!o-fine of tfo^ 50^00 

By Rule II. 

Kad. fy loobooooooo 

' ■I = 1 15469 co-fecant of 60* 

Sine of 6o* $660^ 

Secants may alfo be calculated by 47* I. Euclid^ If the radiiis 

and tan^nts are giVem Thus^ add the fquares of the tangent 

and radius together^ and the fquare root of their fum will be 

tlie iecant. 

Ex. 
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Ex. ^. Required the fccant and c<vfecant of 24® 13' 

^ (^co-lec, 243789 
Ex. 3. Required the fecaxlt and co-fccant of 20® 35' 

^^^rSec. 106819 
•^ (,co-lcc. 284438 

Ex. 4* Required the fecant and co-fecamt of 10° o' 

•^ (.co-lcc, 575871 
Kj^. 5. Required the fecant and co-fccant of 35° 40' 

^. CSec. 123C89 
^ ^co-fcc. 171505 

PROBLEM. i^/;^.84. 
Xpfind the ateas of limes ^ or the fprace included betiyeet the in^er^ 

feEling arches of two circles. 

RULE. 
Find the areas of the two fegmcnt^^which form the lunc, and 
tiieiT difference will be the area of the lune. 

EXAMPLE L 
The length of the chord AB is 80, the height DC 20, and 
;pE 8, required the area' of the lunc^, AEBCA. 

AD =40 
AD*=i6oo 
DE*= 64 

$q. chord f arch^ AEB 1664(40.792 

16 



807)6400 
5649 



8149)75100 
73341 



81582)175900. 
163164 



1271(5 &c» 



4«-79^ 
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40.79a 
If 

40.792 
13-597 

54-38» 
80 

134.389 ^ ^ 
8 Tcrf. fine* 



1075.112 
4 



Seg. AEB 430-0448. 



AD»=i(5oa 
DC*= 400 



AOs=2ooo(44.7:j^ 
i6 

84) 4<^o 
33^ 



887)6400 
6209 



8942)19100 
, 17884 



• 8^441)121600 
89441 



32159^ 8qc. 



^-m 
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^ ]f 

44-7^1 
1 4-907 

59.628 
80 

139.628 

20 vcrf. fines 



2792.560 
•4 



1 1 i7.€24o aresi of ACB; 
4300448 of A£B« 

686.9792 areaof Lune* 

Ex. 2* Th^ chord is 20, and verfed fines to aiid 2. lleqni- 
ied the area of the lune. ^nf, 128.522. 

Ex. 3. The length of the chord is 4^5 and the heights of the 
fegments 18 and 7. What is the area ? Anf. 405 ..8676 

Notg^ If femicircles be defcribcd on the three fides of a righfc* 
angled triangle, as diameters, then will the triailgle be equal t& 
the two lunes on the legs, taken together. 



Z 2 MENSURATION 



I 



MENSURATION OF SOLIDS. 



iw-i ff 



Definitions. 

1. DoLiDS are figures that have lengthy breadth, and thiclc^ 

nefs* 

2. The boundaries of folids are fuperficies* 

3. A folid angle 'is that which is made by the meeting of 
more than t^'o plane angles in the fame point, and which are 
not in the fame plane. 

4. Similar folids arc fuch as have their angles fimilar, and 
which are contained by the fame number of fimilar planes. 

5. A cube is a folid contained by fix equal fquares. Fig' 8 J. 
6* A parallelopipcdon is a folid having fix re6langular fide&, 

every oppofite pair of which are equal and parallel each to each. 

7. A prifm is a folid whofe fides are parallelograms, and is 
cither triangular, fquarc, pentagonal, &c- according to the fi- 
gure of its end. Fig. 87. 

8. A cylinder is a round folid, whofe bafes are equal circles* 
Fig. 88. 

9. A pyramid is a folid, whofe bafe is a plane figure, and its 
fides triangles, whofe vertices meet in a point, called the vertex 
of the pyramid, and is either triangular, fquare, pentagonal^ 
hexagonal, &c. according to the figure of its bafe. Fig. S^. 

10. A cone is a pyramid, having a circular bafe, and is de^ 
fcribed by the revolution of a right-angled triangle about one 
of its legs. It is cither right-angled, acute-angled, or obtufc*- 
an rjed, according as the revolving leg is equal to, greater, or 
kfs tlian the other* iv^. 90. 

II. The 
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\\. tlie fixed leg is called the axis of the Con^. 

1*2. A fphere» or globe, is dcfcribed by the revolution oF li 
femicircle about its diameter ; the centre and diameter of the 
Tphcre are the fame as thofe of the revolving femicircle. Fig.^i. 

13. A fegment of any folid 16 a part cut off the top by a 
plane parallel to the bafe* The fruftum of a folid is that part 
vrhich remains after the fegment is cut oflF. Fig. 92. 

14. The prifmoid i^a folid refembling the fruftum of a py** 
ramid, having parallel bafes^ and thefe bafes both re£langles> 
but difproportional. Fig* 93. 

'1 5. A zone is that part of a fphere between two parallel 
jplanes* Fig. 94* 

PROBLEM L Fig. 85. 

tr^'finiihejiiperf^cles of a cuh 

RULE. 

iMultiply the area of one of its fides by 6, and the produ£l 
\nll be the area of the cube. 

EXAMt^LE 1. 

tlec^uired the fuperficies of a cube, whofe fide is 14 inch6i* •- 

14 

56 

14 

995 area of one of the fides* 
6 



1 1 76 jinf. 

Ex« 1« How many fquare yards are in the fuperficies of ja 
cube^ whofe fide is 5 J feet ? jin/» 2oJg» yds. if fefo. 

t Ex* 



»74 toNSURAtlON 

Ex. 3. How many fquare feet are in die fuperficies of i 
«ttbc, wbofe fi4e U 18 inches ? ^iif, I'iify'fiit' 



PROBLEM II. 
to find thefoliditj <fa cuht. 

RULE. 

I ^ 

I 

? • 

Multiply the length, breadth, and thicknefs continuallyi and 
khe produft is the folidity. 

EXAMPLE L 

IXrhat Is- the folldity of a cube, whofe fide is 8 feet ? 

8 
8 

64 
8 



Anf. 5 1 2 folid feet. 

■ /. • 
Ex. 2. Required ^e folidity of a cube, the fide being 15 feei 

Ex. 3. Required the folidity of a cube, whofe fide is 3 -J yards. 

Anf. 34.328125 cub. yds. 

Ex. 4. How many yards digging are in a cubical cellar iz 
feet deep ? A:if^ 64 cuh, yds. 

Ex. 5. How many folid yards are in a cubical cellar, whofe 
fide is 10 feet ? Anf. 27%% ^•'^; y^^** 
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PROBLEM IIL 

XgJhdihffuperficiesofapar^llelopipedQnj ^ prifm^ and of tbi 

cylinder, 

RULE. 

Multiply the perimeter of the end by the leirgdi ; to the pro«. 
4ud add twice the area of the end^ and the fum will be thefu*. 
perficies* 

EXAMPLRL 

Required the fupeificies of aparallelopipedcn, whofe len|[tH 
{$72 feet, breadth 3 feet, and thicknefs a feet. 

2+2=4 3 

3+3^:6 i 

xo perirneter. 6 area of one end* 

72 2 . 

720 12 area of both cofia^ 

12 

732 feet. 

Ex. 2. Required die furface of a paralleloptpedonj whofe 
length is 72 feet, breadth 5, and depth 4 feet. 

Ex* 3. .What is the fuperficies of a parallelopipedon, whofe 
^ngth is 15^ breadth 6, and thicknefs 4 inches? 

Anf, 2 feet 5 incheXm 
Ex« 4* Required the furface of a triangular prifm, whofe 
length is 10 feet, and fides 3, 4, 5 feet. Anf, xyifeeU 

Ex. 5. Required the fuperficieaof a prifni) when the length 
J^ 32^ feetj an4 the end a pentagon^ whofe fide is 6^ feet. 

Anf. 1150.037 






/ 
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Ex. 6. What Is the fuperficies ^f a hexagonal prifm, the fide^ 
being lo inchesj and the length 20 feet ? 

Anf. 103,60843757^. /^-rf. 
, Ex. 7. Required the convex • furface of a cylinder, whofe . 
diameter is 10 inches, and length 14^ feet. 

-'^Z 3 7-9^ ITS'- A'- 
Ex. 8. Required the fuperficics of a cylinder, whofe ler^th 

i&^:(9-^ feet^ and dis^meter of its end 5^ fpcXv 

Anf. 3 78.660975:75^. /•<#• . 

PROBLEM IV. 

Xojind thefoMity of a pqrallelopipedofiy aprifniy or of a cylinder^ 

RULE. 

Multiply the area of the end by the length, and the produft 
will be thc^folidity.^ 

EXAMPLE L 

Required the folidity of a parallelopipedon, whole length ia 
ap feet, breadth 18 inches, and (hicknefs 8 inches. 

JQfcimal/y. 
.6 thicknefs. 

33 

66 

1. 00 area of the ^lufik, 
20 



F. 

I 


I. 

IengtB» 
6 breadth^ 


20 

10 


e 



30 




8 thickncfsv 



2Q Q Anf. :^o.oo Anf^ 



^Whcn tht convex ii^ace it requited^ tbe area, of bsth ends It oq^ttcA^ 
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JK By RtduBioH. 
8 



1920 
18 

15366 
1920 



1728)34560(20^^ Anf 
345^ 



£x. 2. Requh^d the folidity of a parallelopipedot), whofe 
lengt|i 18 45 ^*^^^i breadth 10 feet^ and depth i\ feet. 

Anf 2475 cubic feet* 

Ex. 3* Required the folidity of a parallelopipedoft, whofe 
three dimenfions arc 30'^> 47» and 2 feet. 

Anf. 2m folid feet. ' 

Ex» 4. What 18 the folid content of a parallelopipedon, whofc 
length 18 25, breadth 3, and thicknefs 2 feet ? Anf, 150. 

Exl 5. Required the folidity of a trrangjilar pTifm, whofe 
length is loj- feet, one fide of its triangular bafe being 14 inch- 
esj and the p^rpendicular falling upon it from the oppofict 
angle, 10 inches* Anf, ^feet^ 1 inch 'Sports. 

Ex* 6. Required the folid content of a pentagonal prifm^ 
whofeflength is 20 feet, and fide 10 feet. Anf. 3440.95 y^. 

Ex. 7. The fame'dimcnfions being given, required the folidi- 
ty of an o£lagonal prifm. Anf 9656.854 cubic feet. 

Ex. 8. On the fame fuppofition, required the folidity of a 
decagonal prifm. Anf 1 5 3 8 8 .4 1 folid f^. 

Notef From the foregoing examples it is evident, that the 
nearer the figure of the bafe approaches to a circle, the greater 
will the folidity be. 

A a Ex* 
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Ex. p. Required the foli4ity of a cylinder, the diameter of 
its bafe being 15 inches, attd length 14 feet. 

Anf, I •]. 1^662^ cubic /eef. 

Ex. 10. What is the folidity of a pillar 60 inches diameter, 
and 56 feet high ? An/, 10^.^6 cubic feet* 

PROBLEM V. 

To find the faperficies of any pyramid or cone^ 

RULE. 

Multiply the primeter of the bafe by one half of the flant al- 
titude, to the product add the area of the bafe, the fum will be 
the fuperficies. * 

Thfi'reafon of this rule is obvious: For if the bafe of the py- 
ramid be any re£lilineal figure, each of the fides will be trian- 
gles, whofe altitude is the fame with the ilant altitude of the 
pyramid. 

It is alfo plain, that the convex furface of a cone is the fee- 
tor of a cirde, whofe radius is the flant altitude, and arch the 
circumference of the cone's bafe. 

EXAMPLE I. 

Required the fuperficies of a right cone, whofe diameter of 
its bafens 10 feet, and flant altitude 36 feet. 

3.1416 .7854 

10 100 
U — 



31.416 circumference. 78*54 area bafe. 

1 8 half the flant altitude. 



251328 
31416 

565 488 

78.54 



644.028 fuperficies* ^^ Ex. 



\ 
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Ex. 2. Required the furface of a fquare pyramid, the fide of 
the bafe being 30 iiithcs, and flant altitude 6 feet. 

Ex. 3. If the fide of the pentagonal bafe be 10 inches, and 
the flant altitude 5 feet, required the furface of the pyramid. 

Anf, 1 1.61 i^fq feet. 
Ex. 4. What is the fuperficies of a hexagonal pyramid, whofe 
fide IS 15 inches, and flant altitude 4 feet ? 

Anf. 19-05948757^. /i?<?/. 

PROBLEM VL 

To find the folidity of a com, or any pyramids 

RULE. 

Multiply the area of the bafe by J , the perpendicular alti- 
tude, and the produft will be the folidity. 

Note. Any pyramid is the third part of a prifm of the fame 
bafe and altitude : Alfo a cone is equal to one-third the circum^ 
, fcribing cylinder. 

EXAMPIJJ T. 

Required the folidity of a pentagonal pyramid,, whofe per* 
pendicular altitude is 60, and fide 8 feet. 

1.720475 tabular area of a pentagon. 
64 fq. of the fide« 

6881900 
10322850 

1 10. 1 10400 area of the bafe. 

20 one third the perp. alt. 



2202*208000 folidity of the pyramid* 

A a 2. Ex. 



i8« MENSURATION 

Ex. 1. What is the fcdidity of a cone, whofe flant altitude i$ 
g6 inches, s^nd diameter of its bafe 20 inches ? 

4nf» 9998*45616 cutic inches. 

Ex. 3. ReqQired the iblidity of a cone, whofe perpendicular 
height is 5 feetj and diameter of it^ bafe 16 inches, 

Anf. 2.3271 cubic feet. 

Ex. 4« Required the folidity of a triangular pyramid, ita 
height being 14^ feetn and the three fides of its bafe 12', 14^ 
IP feet. 4^/* 284.13716 



PROBLEM Vn, 

Tofin4 ihefuperficies oftbefrtiftum of a cone^ or a/ty jyraifwf^ 

m 

RULE. 

Add together the primeter of both ends, and multiply one 
half the fum by the flant altitude, to the produ£l add the area^ 
of both end$, and the fum vill be the fuperficies. 

EXAIVIPLE'L 

» 

Requirfti the Airface of the fruftum of a fquare pyramid, the 
fides of the lefTer and greater ends being 14, and 24 inches, and 
flant altitude 2 feet 3 ii\che^. 



14X 



/ \ 



or SOLIDS* tft 

14X4=56 the perimeter of the lefler en<L 
24X4f=96 ^^ perimeter of the greater end« 

2)152 

76 half the fum of the perimeters* 141= xpC 

27 flant alti(u4e- a4*=576 



532 77^ 

^5^ 

2052 produA. 
772 area of both end$« 

144)2824(19.61 
144 

^384 
I29(S 



i 



889 
864 

i6a 
144 

ifii Anf. 19 7 4 

Ex. 2* Required the furface of the fruftum of a cone, the dU 
ameter at the greater end being io, at the lefler 6 feet, andt 

(lant altitude I5t feet* Anf. A/^S.yioj^ fq. fegt. 

» 

Ex. 3[. What is the furfs^ce of the fruftum of a pentagonal 
pyramid, its flant altitude being 140 inches, and the fides of thQ 
^nds 20j and 30 inches I Anf. iZl*^S9j^fTfi^* 



PROBLEM VIU; x 
Ho find, thtfaliiitj of the fruftum of a cone^ or anjpjramid* 

RULE 



laa MENSURATION 

RULE I. • 

Add into one fum the area of both ends, and the itiean pro^ 
portional between them ; multiply the fum by J the perpendi- 
cular height, and the produQ wUl be the folidity. — ^This rule 
ierres whether the fruftum be of a cone or pyramid* The 
three following applies to the fruftum of a cone- 

Rule 2* To the produ£k of the two diameters add -^ the 
fquare of their difierencei multiply the fum by the height, and 
this produ£l again by •7854 for the folidity* 

Rule 3. To three times the fquare of half the fum of the 
two diameters, add the fquare of half their differenca ; midti- 
ply the fum by f- the height, and this produ£l again by •7854^ 
the laft produ£l; will be the folidity.. 

Rule 4. Add the fquares of the two diameters to their pro** 
du£b ; this fum, multiplied by •7854, and again by -f the height^ 
vill give the folidity. 

XXAMPLE I. 

Required the folidky of the fruftum of a cone, whofe height 
is 20 inches^ the greater diametef^s^ and lefler ^14 inches* 

By Rule I^ 
3« 



m/m 



1024 
-7854 

4096 
5120 
8102 



VIO 

7168 



$04.2496 area of the greater bafe. 

24 



• Fb« fruflum o( aja[ pyramid o^ cone i« c^nal to tbree complete pjramids 

or 
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24 

24 



96 

It. 

576 

.7854 



^ 



2304 

2880 

4608 

4032 



452.3904 area of the leflcr bafe. 



804.2496 X 4S2.3904=r363834.79824384 And 
363834.79824384=603.1872 mean proportional* 



804*2496 
603.1872 
452.3904 



1859.8272 fam. 
20 height* 



3)>7 19^^-5440 



12398.8480 folidity* 



6r 



or cones of the fame altitude with the fimihun, whereof [the greateft of the 
three has its bafe equal to the greater hafe of the fruftum ; the leaft has its bafe 
equal to the lc£i hiifc of the Iniiftvnii and the othor a mean proportwiuij bo^ 
twecB them. 



it4 MENSURATION 



By RuLB IL 
7^ ,■ ~8diff- 



«4 



8 



768 3X54 

21.J " 21.3 



^» 



7^9-3 
20 



^k 



15786.6 



15786.5 
.7854 

631465 

7893?3J 
126293333 

I I 05066666 
X2398.84800 if/i^ as beford 

By Rule IIU 

32 

04 

a)s6 
28 half the fom^ 

3« 
4halfthedi£ 



2f 



9f SOLtI)S> Hi 



18 

28 

*^ — - 

784 fq. I^F the CasAi 
3 



16 fq. half diffi 



2368 
20 

3)473«0 

15786.6 
.7854 

631466 

7«9333i 
126293333 

1105066666 
t239$.848oo Afif. z%he£otii 

Bf RULB IV. 

« 

24»= S^6 fq. Icfs diani. 
32^=1024 fq- greater diam^ 
14X32== ^69 their produ£k. 



2368 



BS 1368 



V 

2368 
.7854 



I 1840 
18944 



18598272 

6.6 = f the height 



111580632 
6199424 
6199424 



12398.8480 Aftf as abo?e. 

Ex. 2. What is the folidity of the fruftum of a cone. Its 
height being 50 feet, the diameter at the greater end 20, and at 
the lets end 10 feet ? Jnf. g 16^ /olid feet. 

Ex. 3. Required the 'folid content of the fruftum of 9 cone^ 
the altitude being 9, the greater diameter 4, and the lefler 2. 

jinf. 65.9736. 
Ex. 4. Required the folidity of the fruftum of a cone, whofis 
height is 38 inches, the diameters being 16, and 9 inches. 

-rf^ 4785.1804. 
Ex. 5. What is the folidity of a log of wood, whofe bafes are 
fquares, their fides being 10 ^md 15 inches^ and length 18 feet? 

jlnf. 19.79 l6 
El. 6- What is the. folidity of this fruftum of a hexagonal py- 
ramid, the height being 1 2 feet, the fide of the greater end 3 
feet, and the lefler 2 ? jinf, 197.453472^^^. 

Ex. 7» Required the content of the fruftum of an o£lagonal 
pyramid, its height being 20 feet, the fide^ of its bafes le and 
6 feet refpeftively. jinf, 6309*144^1 cubic Jeet. 

Ex. 8* Required the folidity of a maft, it feet diameter at 

the 
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the greater bafei and i foot ^t the lefler, its length being 72 

fipct* Anf. 89.5356 cubic feet* 

PROBLEM IX. 

Tojind thefolidity of the prijnmd. 

RULE L 

To the areas of the two .ends add four times the area of thi^ 
middle fe£tion. Multiply the fum by the height^ and i the pro- 
du£fc will be the folidity. 

Rule a. To the longcft fide of the lefler bafe add half the 
longed fide of the greater bafe, and multiply the fum. by the 
breadth of the lefl<:r bafe \ referve this prodt^. 

Again : -To die longed of the greater bafe add half the long- 
ed fide of the lefler bafe, and multiply tKe fum by the breadth 
of the greater bafe s and . to the product add the produdt for- 
merly referred; multiply this fum by the height, and j- the 
produQ will ^Tc the fQlidity. , 

EXAMPLE L 

Required the folidity of a quadrilateral prifmoid, of which 
tl^e ihorted and longed fides of the greater bnfe are 20 and \6 
feet, and the correfponding fides of the lefTer bafe 12 and 10 
f^et, the height being 40 feet 



By Rule L 



20 
16 



320 greater bafci 
10 
12 



»**■ 



129 lefler bafe. 

B b X: 20+ 



i88 MENSURATIGAi 

20+12=32 and — 18 i(S 
lo-f 16=^6 and — b 13^ 

"la 
16 

208 area of mid. ft£tf% 
4 

832 
320 
120 



1272 
40 

<J)5o88o 



3480 folidity in cubic Seel^ 



By Rule II. 

T2 the longeft (ide of the leiler bafe* 

10 half the longeft fide of the greater baf% 

22 . 

10 the breadth of the lefler bafe* 
220 referved number* 

Again, 

20 the longeft fide of the greater bafe, 
6 half the longeft fide of the leiTer baf^. 

"26 

16 breadth of the greater baft. 

4'<S 



4»< 



O? SCUDS. 18^ 



416 

40 

\ 



( 



3)2S44«> 

8ii8o cuUc feet at above* 

Ex* 2. Required the folid content of a troi)gh| m the form 
4^f a prifmoid) whofe greater bafe is 24 inches by 30, and leflet 
bafe 20 inches by 24, the depth being 18 inches* ^nf 10728. 

Ex. 3. What is the content of the hq)per of a mill, 4 feet by 
I at the greater bafe, and 12 inches by 10 at the lefler, iti ^ 
^epth being 4 feet i ^fff 57408 folid inches^ qr 33.2 feeti 

PROBLEM X. 

To find the folidity pf a wedg^ 

RULE. 

Multiply the fum of twice the length ef the bafe, and the 
length of the edge by the produ£k of the height of the wedge 
into the breadth of th^ bafe, and i of the laft produfl will be 
the folidity. * 

Note. When the length of the bafe is equal to that of the 
pdge^ the wedge is eqi^al to one half a piifm of the fame bafe 
and altitude. 

EXAMPLE I. 

How many folid feet are in a wedge whofe bafe is 2 feci 
8 inches long and 4^ inches broad, its perpendicular hei^ be- 
Jng 14 inche^> and the length of the edge i foot 9 inches ? 



i9» M£NSURATIOR 



F. 


/. 




2 


8 


14 height 


12 




4t breadths. 


32 


( 


Itf 


2 


• 


7 


64 twice, the length of the l»fev. 


63. 


21 the length of the edge. 

• 




8s 






63 


• 




^SS 






510 




1 


»S3SS 






8y2t 


m 




' 


PROBLEM XI. . 


« 


^ 


Xo find the fuptrfic'us ofafphert^. 






RULE L 





Multiply the circumference by the diameter, and the produ£)r- 
will be the furface : Or, 

Multiply the fquare of the diameter by 3. 14 16 for the fur-, 
face. 

Rule 2. Multiply the fquare of the axis by •78541 and four 
times the produ£l will be the fuperficies« 

EXAMPLE I. 

How many fquare inches wUl cover a globe of 6 inches dta*. 
meter ? 



Note. 4 times the area of a great circle of a fphere is equal 

to its furface* 

By 



f • 



OPSOtlDS. *pt 

By R^Ls L 

18.8496 the ctTCiimference. 
6 the diameter* 



•^<S/« 113*0976 fq. inches* 

By Rule If, 

•7854 

36 fq. <Iiam» 

47124 
23562 



28-2744 area gF a great cirde. 
4 

Jlnf, 113.0976 as above. 

Ex. 2. Required the furface of a fphere, whofe diameter is 

5 feet 6 inches* Anf, 9l»o'^2^fl*fi^^* 

Ex. 3. What is the furface of a ball, whofe diameter is c 
inch? Anf. '^*\/^i6 inches. 

Ex. 4. How many inches will cover a globe of 12 inches di- 
ameter ? Anf. 452.3904. 

Ex. 5. Required the furfade of a globe of 18 inches diameter. 

^rf. T*o6%6fq.feet. 

Ex. 6. Required the fuperficies of the terraqueous globe, ita 
diameter being 7958 miles. And if only one fourth part of its 
furface be dry land, and two acres fufficient to produce foo*d for 
x)ne perfon, how many perfons can live on the earth at one 

•tame? 

("198956786.5824 ^. miles. 
Anf -j 49739196.6456 rfry/fl/ii. 

L 15916542927/^/1/. 
Hdte. A fquare mile contains 640 acre#. ^ 

rROBLEM 



f ^ . - . ' 
: l^a iaEKSXTRATlQlJ 

PROBLEM tiL' 

Tofatd tbefeli^ty ^a^hirl. 

kULE I. ' 

tedhiply the cube of the diameter by •j;23tf> and the prok 
dii& will be the foliditjr* 

^ Rule 2» A globe may be confidered as cbmpofed of an in- 
finite number 6f conet) whofe bafes are in the ftirface of the 
fphere, and common vertex in the centre ; therefore the' foli« 
dity of the globe may be found thus :^-Multiply its furface by 
i the diameter^ and the produd will give the folidity* 

Rule 3. Find the foKdity of a cylinder, of equal diametet 
and altitude with the globe^ and \ the refult will give the foln 
dity of the globe. 

i£XAMFjL£ t 

* • • • 

Required the folldity of a globe* whofe diameter is 50 inch* 



B]f RULB I. 



SO 
50 



2500 



125000 cube of the axls» 

75000^ 
379COO ' - 

259000 
625000 

^5450*ooo# 

Br 



Ot SOLIDS. 193 

B7 Rule IL 



50 

II 
2500 
3.141^ 



tai*i 



15708000 
61832 

7854.6000 farfacc. 

so 



1^)392700 



6545© Aftf. 

hj Rule IIL 

50 

2500 
.7854 



3927000 
'5708 

1963.5000 

98175.0000 foUd cjIIdi 
2 

3)196350 

65450 Attf. as above* 

Ex. 2« Required the foUditjr of a fphere of 10 inches diane' 
tcr. An/1 523.6 

Ex. 2. Required the content of a fphext, wbofe diameter is 
25 feet An/. 8181 J cuHc/cet. 

Cc 



1^4 MENSURATION 



i. 



Ex. 4. What is the folidity of a fphcrc, whofc diameter is 3 
feet I inch? An/. 15.3483 cubic feet. 

Ex. 5. Required the folidity of a globe, its diameter being 8 
feet 4 inches. ; . . ^ Anf* 303.0092^ 

Ex. 6. How many folid miles are in the terraqueous globe^ 
its diameter being 7958 miles ? . Anf. :2638830i7937.i232. 



. PROBLEM Xm. 

^ofind thefurface of any zoAe^ orfegment ifafpbere. 

RULE. . 

Multiply the circumference of a great circle of the fphere by 
the fegmcnt's height, and the produQ: will be the fuperficics. 

EXAMPLE I. 

Required the fuperficies of a 2one, whofe height is'3 indb^Sj 
the diameter of the fphere being la inches. 

3.i4i(? 
la 



37.6992 circumference- 

3 the zone's height<r 

1 13.0976 Anf in fquare inches* 

Ex. 2. Required the furface of a' figment of a fphere, whofc 
height is i foot 9 inches, the diameter being 5 feet. 

Anf 27.489 7^. y^<f. 

Ex. 3. How many fquare inches will cover a fegmcnt; whofe 
height is i inch, the diameter of the fphere being 3 inches ? 

Anf 9.4248 y5f* i^bes. 

PROBLEM 
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» • 



PROBLEM XIV. 

Tofindthifdi^tyofa^hericalfegmefit^ ' 

RULB I. 

From the treirie prodvi£i of the diameter of the fphere, mul- 
tiplied by the fquare of the ftgpien^s height^ fubtra£l twice the 
cube of the height, and the remainder, multiplied by •5236^ 
will give the foHdlty. 

RuLB 2. To thrice the fquare of the radius of the iegmem's 
bafe, add the fquare of its height ; then multiply the fum by its 
height, and xkic product again b| •5236^ the lafl; produ£l, is the 
foli4iity. 

EXAMPLE. 

Required the folidity of a fpherical fegmept, whofe height is 
S incfaeS) an4 the radius of its bafe 16 inQhes.. 

Py Rule I, 
16 AE 

32=EF 

4ostCF 
3 

1 20 treplc prod, of diameter*. 
64 fq. of die fruft. height* 

480 

7680 

C e 2 7683 



« » 



i^ MENStrkAJieN 

7680 16 

lo24sa2X8.^ 16 

66^6 96 

-5236 16 

19068 3 

13312 ■■ 

33280 7tt=53AE> 

3485,0816 folid inches. 



« I II ' 



832 

6656 " 

.5336 

3993<S 
1 9968. 

13312 
33^g^ 

3485.08 '6 foUd inches as befove^ 

Ex. 2/ Required the folidity^i^a fegm^nt) whofe bafe dii»« 
meter is xoo, and its height 13.5 inches. 

^nf 54302.75235 cuhic inches. 
Ex. 3. How many folid miles are in either frigid zone, the 
height being 3I9 mileS| and diameter of its bafe 3168 miles ? 

Anf. 111^166^12 folii mUes. 

. PROBLEM XV. ^ 
To find thefollditj of iji^ middle zone ofafpbere. 

RULE L 

When the ends are unequal^ ad4 into one fum the fquaie* 
of the radii of both ends, and -f the fquare of the zone's height ; 

tnultiply 



Jt 
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inultiply the fam by Ac height, and the produ£l again by 
1 .5 708 for the folidity. 

Rule 2. From the folidity of the whole fphere, fUitifft^ the 
folidity of the fegments ABC and D£F; the remainder is the 
folidity of the zone. . 

Rule 3, Add into one fum twice the fquare of the fphere's 
diameters and the fquare of the diameter of the zone's bafe ; 
divide this fum by 3.81979 and multiply the quotient by the 
zone's height ^ the produfl is the foliditf * 

EXAMPLE I. 
Required the folidity of the middle zone of a fphcrc, whofc 
diameter is 80 inches ; the ^i^^neter of the zoi^e's bafe bein^ 
48, and height 64 inches. 

By Ryi^E t. 

24 

96 

48 

1152 

3517.3 ' 

^4 ' ' 



•00693 
151040 

Wl 109.3 

1.5708 

Z2888746 
1127765333 
8055 466666 

ii5 1 10933333 



a5307o.54o8o\^<9!/I Bf 



rj^i MENSURATIO^f 

By Rule IL 

8o'=5i2oeo 
5236 

►3072000 
1536000 
, 1024000 

2560000 



i»"i^ 



IJ680B3.2000 folidity of fphc«s 
i5oi2U$592 

253070,5408 Anf. 

80 diameter* 
64 zone's height 

2)16 

% feg. height. 

80 
3 

240 

960 

1440 



1024=2X8* 

^— ■» 

1433^ 

^^236 

86016 
43008 
28672 
. 71680 

7506.3296 folidity of OIK fegf* 

2 



15012*6592 folidity of both &g« 



Br 
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• • 

^y Rule III. 


«0 

80 


48 
48 


6400 

2 


3|84 
192 


12800 
2304 


11304 fq. diain^.^ 


3.8197)15104 


1 


3954-5^4 
64 


• 


1581696 

2372544 


f 


253071.36.4^ 



>!9|» 



£z. 2. Required the rdidity of a zonci whofe greater diame- 
ter is 2 feet^ the lefs i foot 4 inchesi and the height 1 foot S 
inches. • Jnf. 10723.328 incies. 

Ex. 3. What is the folid content of a ^one, whofe height is 
301 and end diameters 60 and 40 inches ? 

* jtfif, 75398*4 cubic inches. 
Ex. 4. What is the folidity of a zone, whofe height is 8 
inches, and diameter of Ihe ends 12 inches i 

Anf. \ 1 72 864 cubic ifiches. 

PROBLEM XVI. Fig. 96. 

« 

To find the urea of a circular fpindle* 

RULE. 

Multiply the length of the fpindle by the radius of the re- 
volving arch ; again multiply the diftance between the centre 
of the revolving arch and the centre cf the fpindle Iby the length 

of 



« • 



aoo MENSURATION 

of the revolving arch ; fubttaQ this laft product ftom die for* 
mer^ and multiply the remainder bj 6.2832 fb^ ||ie fuperfides* 

EXAMPLE. 
Required the area of a circular fpindle^ whofe leifdi is 40 
smd thicknefs 30 inches. 



^AD*+BD» = AB the chdrd of f the arch ABC j that is^ 

^400+225 = 25 

ADi 

' =DH and DH+BD=FB nuL alfo FB-^BD=DF cent. dift« 

BD ^ 

2 

400 

•*-« =26.6 and 26.6«f 16=320.83 rad. alfo 20.83^^15^5.83=0? 
15 ^ 



NoWy to find the length of the arch : 

As AF= 20.83 = 1.31869 
Is to rad. 90 1 9.00000 

So is AD=2o 1 .30 1 03 

To Sine f arch 73"* 4i'=:9.98234. 

2 



147** 22' arch. 
Then <ay, As 360**: 147* 2 : : 3.1416x41-^ - 53-S8Ieng. of arclv 

Or thud : 
8 

V 200 

I 40 

3 160 

53«3'the vch nearly. 



a8,85 



OF souns. 

* * * ■ 




aB.8^ 
40 


53-58 
• 5-83 


83333 
3'2.55 


42864 
26790 
1786 

3'2.S5P 


6.2830 


I 04 I 566 
I5623COO ^ 
£^16626666 


■ 


1041^66666 




3i247oo©ooo 





20I 



3272.1858400 fquare inches* 

Ex. 2. Required the number of fquare inches which will corer 
a circular fpindle, whofe length is 80 and thicknefs 16 inches ? 

^rj/^ 2747.3166^36. 

Ex. 3. Required the area of a circubf ffundle, whofe length 
is I2| and thicknefs 9 inches. ^ftf. 194.36217^. inches^ 



PROBLEM XVIL 

To find thefolidity tjf a circular fp indie, 

« 

Multiply the area of the revolving fegmcnt by -J- the dlftance 
between the centres of the arch and fpindle, fubtraft the prc- 
A\x€t from y the cube of half the length of the fpindle, then 
multiply the remainder by 4, and this produ£l again by 3. 14 16 
for the folidity. See the laft figure. 

EXAMPLE I. 

Required the area of a circular fpindlc, wlioie length is 60 

and diameter 4 c. 

Dd AD 



V- < 
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AD»=goo 

■ ■ ' — ^— = 40 
BD 225 

22.5 

62.5 dianu 
31.25 rad. 
22.5 

8.75 central dift. 



^BD +AD* = AB 3= V506.25+900 :i= 37«j 



37.5 chord half arch. 
8 



300.0 
60 chord whole arch. 



3)240 

8p the length of the arch- 

31.25 rad. 

80 length of the arcL 



2)2500.00 



1250 the area of the feftor AFCB. 

8.75 X 30= 262.5 the area of the triangle ACF. 

987.5 the area of the rev- fegm* ACB« 

4.375 ^^^ ^^^ ^^^ central dilt. DF* 



4937S 
65125 

29625 

29500 

4320.3125 



60 



30 half the ^ituDe. 

900 
30 



3)27000 

Qooc one-third cube ^ fpindle. 

4320.3125 N 

4679.6875 

4 



18718.7500 
3.1416 

I I 23 I 25000 
I87I875OO 
748750000 
187137500 
^61572500 

58806.82500000 folidity* 

Ex. 2. Required the folidity of % clrculalr fphidlc, whofc 
length is 30, and thicknefs 224 inches. Anf. 7350-853125- 

Ex* 3. Required the folidity of a circular fpindle, whofe mid- 
dle diameter is 361 and length 40 inches. 

Anf. 299 rpf cubic inches • 

PROBLEM XVni. 

To find the folidity of the middle zone of a circular fptndle* 

RULE. 

From the fourth part of the fquare of the length of the 
whole fpindle, fubtrafb f the fquare of half the length of the 
middle fruftum, and multiply the remainder by f the length 

' ' of 



204 MENSURATION 

of the f ruftum : Multiply the central diftance by the revolving 
area which generates the fruftum ; then fubtradi this latter 
produ£t from the former, and multiply ^the remainder by 
3.(416, and twice the produ£t will be the folidity« 



EXAMPLE I. 

Required the folidity of the fruftum of a circular fpindle^ 
whofe length is 40, greateft diameter 36, and leaft 16 inches. 

Draw EG parallel to mn» then EF (hall be equal f mn> =20 

and EF*+FB»=EB»=50o chord. 

EB» 500 

— = -— — = 50 diameter of the generating circle. 

FB 10 

Hence rad. BD = 25 

and 25 — 18 = 7 the central dift. 

AL»=AD»— LI>»=625— 49=5 76 
EF= 400 = . . 133.3 

3 3 44^-^ 

20 , 



8853.3 ^^ product. 



BE 



« 
,♦ 
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BE lo I 
2DB 50 5 

Its tabular feg. . -111823 

and 50* = . 2500 

• 55911500 
223646 

Area of feg. EGB = 279.557500 
inExEG=:8X40 = 320 

Gcncr. area E m n G = 599-557500 

7 

4196.902500 fecond produdl. 
^^53-33333 firft produa. 

4656.43083 
3.1416 

2793858500 
465643083 
18625723333 • 
46564308333 
1396929250 

14628.63310600 

2 

29257.26621200 folidity. 



Ex. 2. Required the folidity of a 'circular fpindlc, whofe 
length is 40, its grcatcft diameter 32, and leaft 24 inches. 

^nf, 27 28 7 -J- cubic inches* 



PROBLEM 



\ 



20$ 



MENSURATION 



' PROBLEM XIX. 

^a fold the fuperficies arid folidity rf the Jive regular or Platonic 

bodies* 



RULE. 

Multiply the fquarc of the given fide into the correfponding 
tabular area for the fuperficies. And 

Multiply the cube of the given fide by the proper tabular fo- 
lidity, for the folidity of the given body. 



Names* 



Containing Jides* 



Tetraedron 

Hexaedron 

0£taedron 

Dodecaedron 

Icofaedron 



4 equilateral trian. 
6 equal fquares 
8 equal equi. lat. tri. 
1 1 equal pentagons 
20 equal equilat. tria* 



Wea* 



1.73205 1 
6. 

3.464102 

20.645729 

8.660254 






Solidity. 



0.117851 
I. 

0.471405 
7.663 119 
2.181695 



This table exhibits the area and folidity of any of the above 
bodies, the fide being unity. 

The areas of the above figures are fo related to thofe of re- 
gular polygons, and their folidities to problems already treated 
of| that we (hall leave the con(lru(Siion of the table for the ex- 
ercife of the learner. 

EXAMPLE I. Fig. 97. 
Required the ^ rea and folidity of a tetraedron, whofe fide Is 



30 
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30 1.732052 tabular area. 

30 900 

9o« 1558.846800 furface* 

30 



900 

30 



270C0 
1 1 785 f I tab. folldlty. 



)Mik 



"WP"»I^p' 



31809797000 folidity. 

Ex. a. Required the fuperficial and folid content of a hexac* 

dron, whofe fide is 6. Fig. 98, j r C Superficies 216 

'^* (^Solidity 216 

£x. 3. Required the area and folidity of an o£lraedron, 

whofe fide is 3. Fig. 99. * ^ f Superficies 31.176918 

J' 't Solidity \ 2.7279215 

Ex. 4. R^equired the fuperficies and folidity of the icofaedroHj^ 
whofe fide is 2. Fig^ 100. a r C Superficies 34-6i^i 

'y' ^Solidity 17.4535 
Ex. 5. Required the fuperficies and folidity of a dodecae* 

dron, the fide being 4^ Fig. loi. m ^ C Surface 33033 12 

^'y* i Solidity 139.62848 

PROBLEM XX. Fig. 102. 

7^ find thefurface and folidity of a cylindric ring. 

RULE 

Multiply the circumference of the ring by its length for the 
fuperficies. 

Multiply the area of a fc&ion of the ring by the curve^ for 
the folidity. 

* 

EXAMPLfr 



ao8 MENSURATION 

EXAMPLE I. • 

Reqttiredvthe furface and folidity of a cylin<^ric ring, whofe 
curve is I7, and the diameter of the ring 3 inches. 

To find the furface. 
3.1415 .7854 

3 9 



9.4248 cir. ring. 7.0686 area fe^on. 

12 length. ^ 12 



1 13.0976 fuperficies. 84.8232 folidity. 



as— >j» 



CONIC SECTIONS. 



Jl\ Cone may be cut various wsys ; and, according to the 
different pofitions of the cutting plane, the five plane figures 
following will arifc, viz. the circle^ the el/ip/e, tht,parabola, the 
hyperbola^ and the trmngte. 

Dkfinitions, 

» 

f . The fcftion is a circle, when the cone is cut parallel to 
the bafe. 

2. If the fcfJion is obliquely to the bafe, it will form an el- 
lipfe. Fig, ic2. 

3. If the plane cut parallel to one of the fides^ the fe£tlea 
will be a parabola. Fig^ 103. 

^ 4. The 
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4. TheifeAbm s an hyperbola, when the cutting plane meets 
the oppofite cone, and makes another fe£lion fimilar to the for- 
mer. 

5. The fe£lion forms a triangle, when the plane pailes 
through the vertex and meets the bafe. 

6. The vertex of any fedtion is the point in which the plane 
meets the oppofite fide of the cone. 

7. The tranfverfe axis is a line drawn between two vertices. 
'6. The centre of an clHpfe is the middle point of the tranf- 
verfe. 

9. The conjugate axis is drawn through the centre perpen- 
dicular to the tranfyerfe. 

10. The ordinate is a line perpendicular to the axis. 

1 1 . The abfcifla is that part 6f the axis intercepted between . 
the ordinate apd the vertex. 

12. The axis of a parabola is a right line drawn from the 
vertex, fo as to divide the figure into two equal parts. 

^13. The tranfverfe diameter of an hyperbola is that part of 
the axis, intercepted between the vertices of the oppofite fec,- 
tions. 

m 

PROBLEM I. 

To defcri^e an ellipfe^ 

It is a known property of the ellipfe, that any two lines 
drawn from the foci,, meeting in any point of the curve, are to- 
gether equal to the tranfverfe diameter. Hence the following 
method of defcribing an ellipfe. 

Find the points x y in the tranfverfe, which you are to con- 

fider as your foci \ there fix two pins, and take a ftring equal 

to the tranfverfe, and faftcn its ends each to a pin, then ftrccch 

the ftring with a pencil, and move it round within the thread, 

fo (lull Its path dcfcribe an clHpfe. ^ 

■ Ee When 



\ 
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When the tranfverfb and conjugate diameters are giTen, the 
foci may be found thus. Draw the tranfverfe AB, and conju- 
l^ate CD fo as they may hikSt each other at right angles in the 
point £, and with the diftance AE or £B, and centre C or D, 
defcribe arches, cutting the tranfverfe in the points x y, fo 
(ball X and y be the foci* 

PROBLEM II. 

^ofind the length of the elliptic curve. 

RULE. 

Multiply the fuih of the tranfverfe atid conjugate diameters 
by 3*141 6, and half the produ£t will be tlie circumference 
nearly. 

EXAMPLE L 

Required the length of an elliptic curve* whofe conjugate is 
40 and traiifverfe 60 feet* 

40 3.141^ 

60 100 



100 2)3141.1600 

I. < 

157.08 Anf. 

Ex. 2. What is the length of the circumference, when the 
diameters are 30, 40 feet ? Anf. iog.g^6feet. 

Ex. 3. Requited the circumfenince of an ellipfci whofe tranf- 
verfe diameter is 20, and conjugate 10 yards. 

Anf 2B2,'j44feet, 

Ex. 4. What is the periphery of an eUipfe, whofe axis are 
36 feet and 24 fcct ? ' Anf 94.248., 

PROBLEM 
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PROBLEM im 

To fold tie area of an ell^Ji. 

\ 

I 

Multiply the ttanfVcrfc by the conjugate, and this produfi: 
iigain by .7854 for the area« 

r 

EXAMPLE. I. 

Required the area of an ellipfe, whofe two axes are 30 and 
40 fee^ 



30 

1200 
•7«54 



Atm^mSm 



942.4800 



Ex. a* Required the area of an ellipfe, whofe tranfverfe ^ nd 
Conjugate are 20 and id feet. ^ ^nf, 157.08. 

Ex. 3* Required the area of an ellipCci whofe diameters are 
48 and 36 yards. ^n/i 1357.1712- 

£k. 4. Required the area of an ellipfe^ whofe two axes are 
14 and 12 feet. ^nf 131-9472. 



PROBLEM IV. 

The tranfverfe, conjugate, and ordinate being given, to find 
the j^J}fciffa. 

E c a JltTLE. 
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RULE. 

As the conjugate 

Is to the tranfverfe. 

So is the fquare root of the difference of the fquares of the 

ordinate and femi-conjugate 
To the diftance between the ordinate and centre. 

Note. This dift ce is to be added to or fubtra£led from the 
femi-tranfverfei according as the abfcifla is greater or lefs than 
the femi-tranfvcrfe. 

Example l 

The tranfverfe AB is 60, the conjugate CD 20, and the or-' 
dlnate Fx S. It is required to find the abfcifTa. 

10 8 100 

10 8 . ^ 64 

00 4 of the femi-conj* 64 fq. of the ordinate. 36(6 root. 

As 20 : 60 •.•.6 
6 

t 

20)360 

18 diflance between the ordinate and centre. 
30 femi- tranfverfe. 

48 the abfcifTa x B. 
1 2 the abfcifTa A x« 

Ex. 2. The tranfverfe 90, the conjugate 30, and the ordi^ 
natc 12, required the abfcifTas. Anf.,']z and 18. 

Ex. 3. The tranfverfe 105, the conjugate 35, and^he wdf- 
naie 14^ required the abfcifTaSr Anf 84 and /i. 

Ex. 
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« 

Ex. 4. The tranfvcrfe diameter is 3, the conjugate i, and 
the ordinate V*o> required the abfciffas. Jn/. 4o ^^^ 2-/ ©• 

PROBLEM V. 

The conjugate^ ordinate^ and abfdjfa being given ^ to find the {ranfi 

verfe. 

RULE. ' 

Find the fquare root of the difference of the fquares of the 
femi-conjugate and ordinate, and, according as the greater or 
Icfs obfciiTa is propofed, add this root to or fubtracl it from the 
fcrni-conjugate. Then ufe the following proportion—^ 

As the fquare of the ordinate 
Is to the produf); of the conjugate and abfcifla. 
So is the fum or difference, found as above. 
To the tranfverfe. 

EXAMPLE. L 

The conjugate CD is 20, the ordinate Fx is S, and the ab^ 
fciila Ax 1 2, required the tianfverfc AB. 

io*=ioo 
8*= 64 

36(6 root of the differences of the fquare of the fe- 
36 10 fcmi-conjugate. [mi conj. and ord. 



16 fum. 

Aa64Jr 12X20 : : 16 
64*: 240 : : 16 
16 . 



64)3840(60 the tranfvcrfe. 

384 

£xi 
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£x» 2. The conjugate 30, die ordiaate 1 2, and the aliici^ 
XZ, required the traofverfe* ^Inf, go. 

Ex. 3. The conjugate 35, the ordinate 14, and the abfciflai 
84, required the tranfyerfci. jin/. 105. 

£x* 4vThe conjugate i, the abfciffii a-/p> and the ordinate 
x*o> required the tranfTerfe^c Jnf> 3* 

PROBLEM VI. 

The tran/ver/iy ordinate, and ahfciffa being given, to find the ant' 

jugate* 

RULE. 

As the fquate root of the products of the two abfciflas 
Is to the ordinate. 
So is the tranfverfe 
To the conjugate* 

EXAMPLE!. 

The tranfverte AB is 60, the ordinate Fz 8j and th6 abfcifisi 
12, reqiured the conjugate. 

The tranfrerfe 60 
One of the abfciflas 1 2 

The other abfctfla 48 As 24 : S( : : 60 

12 8 

576(24 24)480(2^ the conjugate. 

4 40 

44)' 7^ •« 

176 



Ex. 
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Ex. 2. The tranfvetfe 90, the ordinate I2) and the abfdflk 
i8| required the conjugate diameter. Anf. 30. 

Ex, 3; The tranfverfe 105, the ordinate I4) and the abfcifla 
64, it is re<juired to find the conjugate* Anf^ 35. 

Ev, 4. The tranfverfe 3, the ordinate VI) i and the afefcifli 
^To> required the conjugate. Anf^ u 

PROBLEM Vir, 

^he ahfcifjfa^ tranfverfe^ and conjugate being givfny to find the or^ 

dinate* 

RULE, 

As the tranfverfe 

Is to the conjugate. 

So is the fquare root of the produdl of the two abfcilTas 

To the ordinate* 

EXAMPLE L 

The tranfverfe AB 60, the abfciflas I2) 48, and the conju- 
gate 10^ required the ordinate. 

12 (Sq ; 20 : : 24 

48 20 

576(24 60)480 
4 ^ 



176 



Anf 8 the ordinate^ 



Ex. 2. The tranfverfe 90, the abfcifla 18^ and the conjugate 
30, required th^ ordinate. Anf 12. 

Ex. 



2i<5 CONIC SECTIONS. 

V 

Ex. 3. The tranfverfe 105, the abfcifla S4, and the conju« 
gate 35, required the ordinate. . Anfv 14** 

£x. 4. The tranfverfe 36, the ablciflk 28f , and the <ion^u« 
^ate 1 2> required (he ordinate, - - A^f* 4»8* . 

PROBLEM VIII. 

To find the area oj an tlljptic fegment^ whofe bafe is pmraUel /n 
• either of the axis^ 

RULE. 

Divide the height of the fegment by that axe of the ellipfe 
of which it is a part, and £nd» in the table o£ circular fegmentF^ 
an area, whofe verfed fine (liall be equal to this quotient; ' 
Then multiply the area fo found, and the two axes conti- 
nually, and the lad product will give the area of the fegment 
required. * 

EXAMPLE I. 

Required the area of the elliptic fegment ECF, whofe height 
is GC 20, ^nd the axes CD and AB 70 and 50. 



7o'2o.o(.285 


j-^ tabular verfed fine^ 


140 




600 


Seg. is.185153 


560 


7P 


4C0 


12.96071 


350 


50. 


500 


648.035500 area. 


49*^ 


# 



10 



Ex. 
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Ec. 2. Required the area of an elliptic fegmeiity cUt off pa- 
tallel to the conjugate, at the dtftance of i8 firom the centre, 
the axis being 60 and 20. A^f. 1 34. 1876- 

Ex. 3. Required the area of an elliptical fegiiient, cut off pa* 
tallel to the iranfverfe, whofe height is 6, the diameters being 
30 and 26. Anf i 18 9008. 

Ex. 4. Required the area of an ellipticsil fegment, cut off pa- 
rallel to the tranfverfe, iirhofe height is io> the diameters be« 
ing 70 and 50. ^V^ 39i*3829* 

PROBLEM li. 

?i defcribe d parabola ^ the abfcijfa and ordinate to the axle being gi^ 

ven^ 

RULE. 

ViitOi the given ordinate BA in G, join VG, and draw GD 
at right angles to VG, meeting the axis in D, and make VO, 
OF, each equal to BD, and F will be the focus of the parabola.' 

Take any number of points, x, x, £!cc. in the axis, and through 
thefe points draw double brdinates of an indefinite length. 

Then with the radii VF, Vx, &c. and centre F, d'jfcribe the 
arches c, c, &c. and through all the points of interfe£tion the 
curve 4n3y be drawn. 

Note. The line cFc is called the parameter. 

For other methods of conJlruBion^ See Gunnery. 

PROBLEM X. 

Any three cf the four jdkwing particulars being given, viz. any 
'• tivo ordi nates and their iiuo ahfrjfas^ to find the fourth » 



Ff 



RULE. 
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RULE. 



As any abfcifla 

Is to the fquare of its^ordiAatej 

So is any other abfciifa 

To the fquare of its ordinate. 

EXAMPLE L 

Let the abfcifla VC be 6, and its ordinate AC 5^ required 
the ordinate DF, whofe abfcifia VF is 12. 

6 : a5 : : 12 

6)300 and^50 ss 7*071 Ah/. 

^=DF» 

Ex. 2. The ordinates are 6 and 8^ and the lefs abfcifla p, re* 
quired the greater. ^ Anf, i6» 

Ex. 3. The ordinate is 189 and its abfciffii 27, die other ab« 
fcifla is 48> required its correfponding ordinate. An/. 24. 

PROBLEM XI. 

T9find the length 0/ an arch $f a paraMk curve^ cut tfffhj m 

double ordinate. 

RULE. 

To the fquare of the ordinate add 4- of the fquare of the alv 
fcifla, multiply this fum by 4, and the fquare root of the pro- 
dud will be the length of the curve required. 

EXAMPLE 



' / 
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EXAMPLE I. 

Let die abCbiflk VF be 4, and its' ordinate OF 12, requind 
«be length of the ar^h DAVBE. 

12 V 

144 fq. of the ordinate. i6 fq* o£ the abfipiffiu 

^'•3J 4 



165.33 3)64 

4 



'■ 21.33 

661.33(15.7162 the length of the arch. 

m 

4 

45)261 

507)3633 
3549 

5141)8333 
5141 

51426)319253 
308556 ' 

514322)1067633 
1028644 

38978 &c, 

Ex. 2* Required the length of the curve, when the abfcifla 
is 8| and the ordinate x6. Anf. 36.95 f. 

Ex. 3« Required the length of the dirve, when the abfciflk 
i« 15^ and ordinate 12* ^nf. 2 1.07 u 



F f 2 PROBLEM 
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PROBLEM- Xlt 



To find the area of a parabola, the bafe and height being given, 

RULE. 

Multiply the bafc by the height^ and -f the produ£l will be 
the area requurcd. 

Note. Every parabola is equal to 4 of the circiimfcFibing par 
rallelogram. , 

EXAMPLE L 

Required the area of a parabola^ whofe bafc is i6| and 
height 20. 

20 

320 
2 

3)640 

Ex. 2. Required the area of a parabola^ whofc bafe is ^0% 
and height 20. ^n/. 400^ 

Ex. 3* Required the area of a parabola, whofc bafe is 91 and 
height 14. jlftf. 84* 

Ex. 4. Required the area of a parabola, whofe bafe is 1 2, 
and height 1 2. ' jir/- 96. 

Ex. 5* Required the area of a parabola, whofe bafe and alti- 
tude are 15 and 22. j^nf 220. 

Ex. 6. Required the area, when the bafe and altitude are 
3 and 4. . jinf. 8. 

PROBLEM 
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PROBLEM Xin. 

Tofiid tlK area ^thefruftum efaparaboltt. 

RULE. 

r 

Divide the difference of the cubes of the two ends of the 
fruftym by the difference of their fquares, multiply this quQr 
tient by the ahitudei and -f the prbdnfl will be the area requi- 
red. 

EXAMPLE L 

Iii the parabolic fruftum DABE, the two parallel ends DE9 
AB| are 12 and 2C> and the altitude FC 6> required the area. 



1 2 20 AB2= 

1 2 20 DE»= 


400 
144 


AB3=8ooo 
DE^=i728 


« 

144 fq. 400 
12 20 


256 


256)6272(24.5 quot, 
512 


* 

1 728 cube. 8000 cube. 




1152 

1024 


And 24.5 
6 




1280 
1280 


1470 
2 






3)2940 
980 


• 

area required. 



Ex. 2. The greater end of a fruftum is 20, the lefs 10, and 
their diftance 12, required the area. Jn/x it6\. 

Ex. 



Ex. 3. The greater end of a fruftum is 30^ the lefs 2o» and 
their diftance i q, required the area. ^nf. 380, 

Ex. 4. The greater end of a fruftum is 9, theNefs 6, and their 
diftance 4, required the area. ^ i4f^* 1 1^* 



PROBLEM XIV. 

To defcribe an hyperbola^ the tranfverfe and conjugate diameUrs 

being gtven^ 

RULE, 

Draw AB the tranfrerfe diameter, and BC the conjugate a^ 
right angles to it ; bifeA AB in c, and and with the cent^ c, 
and radius cEj defcribe the circle EFDf, cutting AB produced 
in the points F, f^ and thefe points' will be the foci*. 

In AB produced take any convenient number of points x, x» 
&c. and from F and f as centresj and radii Bx;^ Ax, defcribe 
arches interfe£^ing in the points m» m, &c. Join thefe points^ 
and it will form the hyperbolic curve required. 

Note. If through the points E and D ftraight lines be dhiwti 
from c, they will be the afymptotes of the hyperbola. 

Any three of the four following particulars being given, to 
find a fourth, vi;. the tranfverfe, conjugate^ ordinate, and its 
^bfcifTa. 

PROBLEM XV. 

The tranfverfe^ conjugate, and abfciffa being given, to find the er- 

dittatf^ 

RULE. 
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RULE. 

ft 

As the tranfverfe 

}s to the coi^ttgatei ^ 

So 18 the fquare root of the piodu£^ of the two abfciflad 

To the ornate. 

£1.\MPLE L 

In the hyperbola GBH, the tranfverfe is 60, the conjugate 
361 and the abfcifla AB 20$ required the ordinate. 



. aBC:DB::V2BC+BAxBA:GA 

aBCssdo As 60 : 3<$ : : 40 

BA320 40 

80 60)1440 
BA 20 



1600(40 
16 



jlnf. 24 the ordinate. 



00 



Ex. 2. The tranfverfe is jo, the conjugate 30^ and the ab-- 
fciila i6y» required the ordinate* Anf. 2c5l 

Ex. 3* The tranfverfe is 45, conjugate 224-f and the abfcifla 
]5i required the ordinate. jinf 15. 

Ex. 4. The tranfverfe diameter is 24, the conjugate 21, and 
the lefs ablcifla 8, required the drdihate. ji/jf. 14^ 

PROBLEM lEVr. 

Tbe tranfv^rji^ ctmjugaie diameters^ and an ordinate^ being gi'^ 

tv/f, to find the ahfajjas. 

RULE. 
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RULE. 

As the conjugate diameter 

Is to the tranfvcrfe, 

So is the fquare root of the fum of the fquares of the ordinttd 

and femi-conjugate 
To the diftance between the ordinate and centre. 

Add to, or fubtrad from, the femi*tranfyerfe, this fourth 
propoitiona]^ according as the greater or lefs abfcifla is requi- 
red. 

EXAMPLE 1. 

The tranfverfe diameter is 66^ the conjugate 36, and the or* 
diiiate 24, required the two abfciflas. 

18* =324 fquare of the fern i- conjugate. 
14*= J 76 fquare of the ordinate* 

900(36 
9 

CO 



36 : 60 : : 30 
66 



36)1800(50 dift betw. the ordinate and centre. 
180 30 femi-tranfverfe. 

o 80 greater abrci£si» 
20. the lefs abfciiTat 

The tranfverfe diameter is 50, the conjugate 30, and the or- 
dinate 20, required the abfcii^as, ^/{/I 66^ and 16^; 

Ex. 3. The tranfverfe diameter is 241 the conjugate 21, and 
the ordinate 14, required the abfciifas. ^fif. 32 and 8. 

Ex. 
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Ex. 3. The tranfvcrfc diameter is 24, the conjugate 21, and 
the ordinate 149 rejquired tht tbfciflas^ j4rif, 32 and 8. 

Ex. 4. The tranfverfe diameter, is 30, the conjugate 22^, and 
the ordinate 15, required the abfciflas. jinf. 33 |^ and 3^. 

PROBLEM XVli. 

^ofind the length of an arch of an hyperbolic cur^e^ beginning at 

the vertex* 



RULE* 

To 19 times the tranfverfe add 21 times the parameter * of 
the axi$ -, and, to 9 times the tranfverfe^ add 2 1 times the pa- 
fameter^ then multiply each of thcfe fums by the quotient of 
the abfcifla divided by the tranfverfe* 

To each of the produ£ls fo found add 15 times the parame- 
ter, and divide the former by the latter* and multiply this quo- 
tient by the ordinate^ the produ£t will be tli^ length of the arch 
nearly. 

Example i. 

In the hyperbola GBH, the tranfverfe is i(Jo, the conjugate 
1 2O9 the ordinate 20^ and abfciiTa 4^, required the length of 
the curve GB. 

Gg FJrJ, 

. . . _^ — ^^jfc. 

* From a well-known property of the hyperbola, the refl- 
ftngle contained by the Kinfverfc and the parameter is equal to 
the fquare of the conjugate ; that is, the conjugate is a mean 
proportionaf between the tranfverfe and tlie parameter. Hence 
the following proportion to find the parameter :-^ 

As the tranfverfe, is to the conjugate. 

So 18 the conjugate, to the parameter. 



22$- 
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Ftrji^ To find the pjir^feldiv: 

As i6o : 120:: 120 : 90'thii parameter. 



160 
9 



160 
19 



I44Q 
.. 1890 


1440 
. 160 


3330 
.028 1 25 


3040 
1890 


, 16650 
6660 


493^ 
.028125 


•3330 
26640 

6660 
93.656250 

»3SO 


24650 
9860 

4930 
43440 
9860 


1443.65625 


142.656250 
I3S€> 


M43' 


65625)i492.<S5625 (1.03047^ 
1443.65625 20 




49*0080000 20.60940 Artfn 
433096875 




690312500 
577462500 



112850000 



i6» 
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i6o)4.5oC.o28ia5 90 

320 21 

1300 1890 

1280 



200 
160 

400 90 

320 15 



800 1350 

800 



Ex. 2* Let the tranfverfe be 80, the conjugate 60, the ordi*^ 
nate 10, and the abfcifla 2«i637» required the length of the 
arch GB. Anf. i*.3 

Ex. 3. The tranfverfe is 120, the conjugate 72, the ordinate 

48^ and the abfciiTa 40, required the length of the arch. 

Anf. 62.6496. 



V PROBLEM XVIIL 

To find the area of an hyperbola^ the tranfverfe ^ conjugate ^ and 

ahfc'iffa being given* , 



RULE. 

To the produ£b of the tranfverfe and abfcifla add ^ of the 
fquare of the abfcifla^ and multiply the fquarc root of the fum 
by 21. 

G g 2 To 
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To this produft add 4 times the fquarc root of the produA 
of the tranfverfe and abfciiTa, and divide this fum by 75. 

Divide 4 times the produd: of the conjugate and abfcifla by 
the tranfverfe. ^ 

Multiply this laft quotient by the formeri and the product 
will give the area of the hyperbola. 

EXAMPLE I, 

In the hyperbola GBH, the tranfverfe is 60, the conjugate 
36^ and the abfcifla 20, required the 2(rea* 



60 


20 




60 


ao 


20 ^ 




20 


120a 


• 400 

5 




1200(34.641 

4 


• 


7)2000 

285.714285 

1 200 


(38-544 

2t 


'64)30^ 1 38.5^54 
256 

686)4400 

x T r ^ 


• 


1485.714285 
9 

68)585 
544 

765:41 71 8 
3825 


6924)28400 
27696 

69281)70400 
69281 

1119 




38544 
77088 

09.424 




7704)34642 
30816 




^ 


- 


77084:^382685^ 
308336 







74349 &0 

* . 8C9424 



CONIOSECriONS. 239 



^09.424 firft produ£l. 


36 


138.564 fecond produ£l. 


20 


75)947.988(12.639 


720 


7_S 


4 


»97 


60)2880 


150 






48 


479 


12.639 


450 






101112 


298 


50556 


225 


606.672 3 



730 &c. 

Ex. 2. Thfe tranfvcrfc diameter is 50, the conjugate 30, and 
the abfcifla 25, required the area. Anf, 805.09. 

Ex. 3. The tranfverfe 30, the conjugate 18, and the abfcifla 
JO, required the area- ^f* 151^668. 

PROBLEM XIX. 

To find thefolidity ofafphreid^ 
RULE. 

Multiply the fquare of the revolving axis by the fixed axis, 
and multiply the produ£l by .5236 for the folidity. 

EXAMPLE. I. 

Required the folidity of the prolate fpheroid ABCD, the 
tranfverfe or fixed axis AC is 45, the revolving axis DB 35. 



35 
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35 
35 



175 

t05 

1225 fq. of the Tcvolv. axis* 
45 fixed axis. 



6125 

4900 

55125 
.5236 



330750 

165375 
I 10250 

275625 



28863.4500 An/. 

Ex. 2. Required the folidity of the oblate fpheroid, whofe 
fixed axis is 60, and revolving axis 100. jinf 314160. 

£x. 3. Required the folidity of a prolate fpheroid, whofe 
fixed axis is 9, and revolving axis 7* jinf. 230.9076. 

£x. 4. What is the content of an oUate fpheroid, whofe 
axis arc 50 and 30 ? ^ jinf. 39270. 

PROBLEM XX. 

7o Jind the foFiditj ofihefegment ofafpheroid, 

RULE. 

Case L When the bafe is parallel to the revolving axis, mul- 
tiply the difFtrrence between triple the fixed axis and double the 
height of the fegment, by the fquare of the height, and the pro- 

dwtl again. by -3236. Then, 

Aft 
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As the fqaare of the fixed axis 

Is to the fquare of the revolring axis, 

So is the laft produd 

To the folidity of the fegment required. 

Case II. When the bafe is perpendicular to the revolving 
axis, multiply the difference between triple the revolving axis 
and double the height of the fegment^ by the fquare of the 
height, and the produf^ again by -5236. Then, 

As the revolving axis 

Is to the fixed axis. 

So is the laft produ£l: 

To the contents 

EXAMPLE I. 

Required the folidity of the fegment of a prolate (pheroid, 
the axis being 20 and 12, the height of the fegment 2^ and its 
bafe paiallel to the revolving axis. 



29 



60 triple the fixed axis. 
4 double the height. 

4 



224 
.5236 

20944 
10472 
10472 

117.2864 
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Then as 400 : 144 : : 1 17.2864 

1 44 

4691456 
4691456 
1 172864 

'400)16889.2416 

42I223104 Anf. 

Cic* 2. The axis oi an oblate fpheroid being 50 and 30, re^ 
quired the content of the fegment, its height being 6, and its 
bafe parallel to the revolving axis. Anf. 4084.07. 

Ex* 3. Required the folid content of the fegment of a pro- 
late fpheroid, the height being 5, and the fix.d axis 50, and 
the revolving axis 30. Anf. 659.736. 

E|c 4. Required the cofitent of the fegment of an oblate 
fpheroid, whofe height is 5, the axis 50 and 30, its bafe being 
perpendicular to the revolving axis^ 



'50 

10 

140 

' 700 
280 



3JOO 
•5^3<^' 

26180 
15708 

— m III 

1832.600a 



Then, 
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Then, as 50 : 30 : : 1 632.60a 

3 * 



tmt 



5)5497.8000 

1099.56 

Ex» $• Required the content t)f the fcgment of the prolate 
^heroidi the fixed axis 50^ the revolving 30, and the height 6, 
ks baie being perpendicular to the revolving axis. 

jinf. 2450.41s* 

PROBLEM XXI. 

Tif^fid tie content tftbc mdMe fri^jlum tfaJ^hertuU 

RULE. 

When the ends ate circular, or parallel to the revolving axfc. 

To double the fquare of the middle diameter, add the fquare 
xX the diameter of one end, fnultiply this ftiim bf the length of 
the fruftum, and this produ£l again by .2618 for the folidity. 

When the ends are elliptical, or perpendicular to the revDl- 
Ying axis* 

To double the produ<ft of the trantverfe tind conjugate dia- 
meters of the middle fe£lion, add the piodu£l of the tranfvetfe 
and conjugate of one end, multiply the fum by the length of 
the fruftum, and the produd again by .2618 for the content. 

EXAMPLE L 

Requiied Htx folidity of the middle fiufturti of a fpheroid, . 
die greater diameter being 5o> thofe of the ends 40, and length 
18. 

Hb Ex. 
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50 

Jl 
2500 

a 

Socx> 
1600 

6600 
18 

52800 

6600 

-- 

I I 8800 
.2618 



^Ml 



950400 
118800 
712800 

i 3 7600 

31101.8400 jifi/1 



£x. 2. Required the folidity of the middle frnftum of a fphe^ 
toid, the greateft diameter being 60, tbofe of the ends 369 and 
the length 8o. jinf. 177940.224. 

Ex. 3. Required the folidity of the iHiddle fmftum of an ob- 
late fpheroidy tHc diameters of each end ^6, and middle 25^ 
and the length 9. jtnf, 3887.73« 

Ex* 4. Required the cGfntent of th<^ middle fruftum of an ob- 
late fpheroid, the axis of the middle ellipfe are 50 and 30^ and 
Aofe of the ends 30 and 1 8^ height 40. 



*♦ 
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50 30 

30 18 



m 



1500 54« 

2 



3000 
540 

3S40 
40 

14 1600 

.261a 

V ■ ■ 

II3280Q 
1416 
8496 
2832 

^7070,88oo j/ytf. 

Ex. 5. Required the felidity of the middle fruftum of an ob- 
bte fpheroidi the axis of the middle ellipfe ate 25 and 15, and 
thofe of the ends 15 and 99 height 20. jinf 4633.86. 

Ex. 6* Required the folidity of the middle fruftum of a 
i^heroid, t\it axis of the middle fe£lion being 100 and 60, thofc 
of the ends 80 and 48^ the length 36.. jtrtf, 1492S8.832. 



PROBLEM XXII. 
%JindtheJoIiditj of an elliptical JP'tndU. 

RULE, 

I'. From 3 times iSxt fquare of the middle diameter (vihtxzOb 
4 times the fquare of the diameter between the middle and end i 
and from 4 times this laft diameter fubtra£b 3 times the middle 
^ajneter, then diTtde the former dVereoce by the latter, and i 

Hhi th« 
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the lefult witi be the central diftance, of dtdance bet weea. 
the centre of the fpindie and centre of the generating ellipfe. 

2. Then find the a^^is of the ellipfe by problem 5 and 6, and 
the area of the fegment which generated the fptndle by prob- 
lem 8. 

3. Divide 3 times that area by the length of the fpindle^ 
from the quotient fubtfac): the greateft diameter, and multiply 
the remainder by 4 times the central diftance.' 

4. Subtrad this product from the fquare of the greateft ^a-« 
meter, and multiply the remainder by the length of the ^indlcj^ 
and that produfl again by .5236 for the folidity. 

EXAMPLE I. 

Required the foKdity of the elliptic fpindle ACBD, the length 
AB being 40, the greateft diameter CD 12, and the diameter 
CF at f the length, 9.49546. 

I. To find the central diftance and axis of the ellipfe. 

4 times EF=37.98i84 3 times CD4=432.oooo 
3 times CD 36 00060 4 times £F*=36o.6546 

Difference 1.98184 1.98184)71.3454(36=400 

1 1 88920 9=OG 
1189104 6=CG 



15= oc 

36= CH 

24= GH 

6= CG 

i44=:CGxGH 

^144=12 mean between CG and GH 

Then, as 1 2 : 20 ; : 30- ; 5o=sIK the tranfverfc. 

2. Fo> 



CC»«C SECTIONS. -837 

2. For the generadng elliptic fegment^r- 

CH=30)6 =CG 

.2 tabular TCtfed fine. 
,111823 iabular correfponding arei4 
5o=IK the tranfverfe. 



5.591 15Q 
30 



167.734500 area of the generating fegmcnt ABG. 
3. To find the folidity of the fpindl*. 

1157.734? 
3 

40 )503.2035 

12.5800875 , 
JSub. CD 1 2 

-5800875 

36 four times central diftancot. 



3480525*^ 
17402<>25 

^akc 20.8831500 
From 144 

Rem. 123.11685 

40 



4924.67400 

_!-- 
2954804400 
147.74022 
9849348 
24623370 

as 7^ 559306400 -^'J/^ 



.Zx« 
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Ex. 2. Required the folidity of an elliptic fpindle, vhofe 
tenglh is 40, the middle diameter 1 2,, the diameter at i the 
length 9.49546. ^^/ 2578,56. 

Note. The following rule will fenre for any other folid, gene* 
rated by the revolotion of any conic fe&ioiu 

RULE 11. 

To the fquare of the greateft diameter add 4 times the fquarc 
of the diameter at J the length; multiply the fum by the 
length, and the produft again by .13 for the folidity, very near* 

The fiift example wrought as follows : 

9.49546 
9.49546 



5697276. 
3798184 

474773<> 
8545614 

3798184 
85459*4 

90. 1637606 1 16 
4 

360.6550424464. 
144 

504.6550424464 

40 

20186.2016978560 

<■■■ ^"1 < ■■ ' — • 
605586050935680 
201862016978560 



-1-^. 



^af, 2624,^06220721280 nearfy. 



CONIC sEcrioNa ^39 

£x. 2. Required the folidity of the elliptic fpindle, whole 
length is lOy the greateft diameter 31 and the diameter at -^ the 
length 2.3738(S» Anf. yiz^yu 

PROBLEM XXm 

l^§Jini thefoli£ty rfthi middle fruftum orfigmint ofM dlkdU 

fpindU. 

RULE. 

Add together the fquares of the greateft and leaft diametetv, 
and 4 times the fquare of the diameter in the middle between 
the two ; multiply the fum by the lengthy and the prddudl ar« 
gain by .13 for the folidity. 

EXAMPLE L 

Required the folidity of the middle fruftam or fegment of s 
fpindle, the length being 20, greateft diameter 16^ at the cads 
12^ and the intermediate diameter is I4t* 

\6 12 14.5 . 

16 12 14.; 



96 144 725 

16 580 



256 



MS 



210.25 
2 



420.50 
2 

I till M ■ 



841 



256 
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« 

144 

841 

1241 
*i3 



37n 

1 241 

161.33 

20 



I 

Ex. 2* Required the content of the fegment of any fpmcBe^ 
flic length being 10^ the greaieft diameter 8j the leaft 4^, and 
the middle 6. ^nf. 235.3. 

Ex. 3. Required the content of the middle fruftum of an hy- 
perbolic fpindle, whofe length i» 40, the greateft diameter 16, 
tboTc at the ends 12^ and that at i the lengthy I4t. 

jinf. 6453.2. 

PROBLEM XXIV. 
TCoJind thefolidity of the parabolic conoids 

RULE. 

Multiply the fquare of the bafe diameter by •i^^ly ^^^ ^^ 
produ£l again by the height, for the folidity. Or> 

Multiply the area of the bafe by f the altitude^ and the pro* 
du£l will give the folidity. 

EXAMPLE L 

Required the folidity of the parabolic conoid^ whofe height 

is 30^ and the diameter of its bafe 20. 

20 
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4<» Or, .7854 

ao < 400 

400 314.1600 

•39a7 »5 

157.0800 15708000 

30 3141600 

47 1 a.4006 Anfl 47 1 2.4000 Anf. as befon^* 

Ex. 2. Required the foliditjr of the pafaboKc conoidy whofe 
Utitude is 21^ and the diameter of its bafe I2* 

Anf. 1 187.5248. 

Ex. 3. Required the folidity of a pi^raboloid^ wfaofe height Is 
3O1 and hiSt diameter 40. Anf. i 8849.61 

N« B. The paraboloid conoid is ^i its clrcdmfcribing cyHn« 
der< 



PROBLEM XXV. - 
tojlnd tbef$li£t} dfthejruftum ofn paraboloid. 



RULE. 

Multiply the funi of the fquafes 6f the diameters of the two' 
eftds by •78541 and this product by i^ the altitude for the foli* 
dity. 

EXAMPLE. I. 

Required the content of the fruftum of a paraboloid, the 
greateft diameter being 361 the leaft 24, and the altitude i8. 

li 3<y 



i4t CONIC tecnoNs. 

3o*=Qeo 
24 '=575 

1476 
•7854 

5904 

7380 
11808 

1033a 

1 1 59.2504 

9 



10433.2536 



Ex. Z. Reqidred the folidity of tbe fruftuflfi o( a paraboloul^ 
tb^ diameccr of the gvetiter ead being 60^ of the le(s 48^ and 
length 18. Jttf. 41733.0144. 

Ex* 3. Required the folidity of the fruftum of a parabolic 
conoidj whofe diameters are 5B and 30^ and the height 36. . 

Anf. 6o28l*02o8« 

FllOBLEM XXVL 

Tofindthefdi£iy of a parabolic fpindle* 

RULE. 

Multiply the fqnare of the middle diameter by .7854, and 
the product by the length, and 4t9 the laft produdl^ will be the 
folidity. 

Note. The parabolic fpindle is equal to Vr* ^^^ circumfcrib- 
ing cylinder. 

EXAMPLE L 

Required the folidity of a parabolic fpindlci whofe length is 
t8j and middle diameter 6^ 



* ocanc sEcnoMs. 943 

OrtaAcr: 
« .7854 

.7854 23562 



47124 28-2744 

23562 18 

28.2744 2261952 

18 282744 



2261952 3)508.9392 

282744 .53. 

508.9392 2544^9<^ 

8 1696464 



f*^ 



»S)407i'S>3<Ka7i.434a4 -^J^ 
30 


271.43424 -rfjj^ 

1 


107 

105 




21 




15 


^ 


<5y 
60 


• 


45 




60 




36 

30 


- 


60 
60 
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Ex. a. Required the folidky of a parabolic fpiiuUe, whor« 

length 16 4Q,. and middle diameter lo. Anp 167542. 

Ex. 3. Required the folidity of a parabolic fpindle, whofe 

liMgth IS loq, and middle diameter 10. Af^ xtf 755*2. 

PROBLEM XXVII. 

X^find thffMdiij of the middle frufium qfa paraUUc^dle. 

RULE. 

Add intc^one fum 8 times the fquare of the greateft diameter, 
3 times the fquare of the leaft diameter, and 4 times the produ£l 
of the two diameters ; multiply the fum by the length ef the 
zruftumvi and the produd again by .05236 for the folidity* 

^XAMPLE L 

Required the folidity of the middle fniftum of a parabolic 
fpindle, the length being 20, the grcajcft diameter x6, and the 
Jca(l 12. 

1(^^=256x8=2048 

I2*=I44X3= 432 
16X12 =192X4= 768 

3248 
20 



64960 
.05236 

389760 
194880 
129920 
324800 

I ■ y ■ ■ ■ - ' .. ' ■ ■ 

340 1 -30560 4nf' 
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£x. 2^ Required the folidity of the fruftum of t parabolic 
fpindle, whofe length is lo, die diameters being 8 and 6. 

An/. 425.1632. 
< Ex. ). ftequired the folidity of the middle fruftum of a pa* 
rabolic fpindl^ whofe length is 30.feet> and diameter 1/6 and 
^C An/. 8243.5584. 
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OnRYETiNCr of Land is cpnGdered to have been the pximitirc 
part of Geometry, and confifts of three principal parts, vi^^. 
The taking^ of the dimenfions, and making the neceflary obfer- 
vations on the gromid ;-^the laying down the fame in a map or 
drawing on paper or vellum } — ^and the finding (he content or 
area thereof. 

The inftrnments commonly ufed in furveying of land» are, 
the gunter's chain, a cafe of inftruments, a fe^ of plotting fcales, 
the theodolite, and plain table. 

The gunter's chain, whether Scots or Engliih, is divided in«o 
to 100 links. The Englifli chain is "66 feet, and the Scots 74 ; 
confequently a link of the Englifh chain is 7.92 Inches, and 
that of the Scots 8.88 inches : like wife the Engliih chain is di- 
vided into 4 poles or perches, each i6f feet, and the Scots 
chain into 4 falls, each 187 feet. 10 fquare chains are x acre, 
either Scots or Engiifli \ and 4 Scots acres are nearly equal to 
5 Englifh mil^. 

4 
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A Tabk of Scats Land Miofure. 



— ^ 1 

Sq. links. ^ 


Feet. 










. 4« ^ I tf' 


I ; Eu». 

1 


» 


•7^V 


9tVt1 I 

1 


Falk- 




625 


342i 3<S 


I 


, Roods. 




25000 


13690 


1440 


40 


1 


Acre. 


loocoo 1 54760 576© 


160 


4 


I 



llie Scots elwand is the foundation of all land-furveying in 
Scotland, the length of which is 37-} inches, when compared 
irith the Englifh yard. It was firft eftablifhed by King Da- 
vid L \ the ftandard of which is kept in the Council Chaoibef 
of Edinburgh. 



A Table of EngHfif Land Meafute^ 



Sq. links. 



J » » 

TVTT 



^OtV^ 



625 



25000 



lOOOO* 



Feet. 



272^ 



idSgo 
435<S» 



Yudh 



3«>i 



1210 



"■ 'm 



4840 



Poles. 
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Writcrt on this Ifiibjcft are generally rcry prolixin defcribing 
the method in which furveyors take dimenfions, ufe their in- 
ftruments, &c. But it mud be confefled, that the pradice of 
a few hours in the field is preferable to all the defcription that 
can be given. We (hall therefore be rery brief as to this par- 
ticular, and (hall only point out a method or two by which an 
irregular field may be meafured^ its plan delineated on paper, 
and its contents found. 

Let the figure ABCDEF Pig i . reprcfent a field, whofe plan 
and area is required. 

Firft, walk over the field, and make the neceflary rexharks 
on the ground, and draw an eye-draught, or a reprefentation 
of the field, as eKa£l as can be done by the fight of the eye. 

Divide this draught intb triangles, refiangles, or trapezias, 
ds the figure of the field dire&s. £re£t poles at the different 
corners. 

Choofc any of the comers A for your firft ftation ; provide 
yourfelf with a perfon to lead the chain, and let him have lo 
arrows or iron pins in one hand^ and the end of the chain iit 
the other. Tou take your ftation ac A, while he advances the 
length of the chain towards B. Direfi him, by waving your 
hand, to the right or left, till you find him in fo ftraight a line 
as to intercept the view of the pole B : Then ftretch the chain 
at full length, and let him leave one of the arrows at the far 
end, as a mark for you to go to. In the mean time let him ad« 
vance another chain-length towards Bj direded to keep in a 
ftraight line as above. At the end of the fecond chain-length 
let him ftick another arrow, and you take up the firft and pro- 
ceed to the next, where you are to ftand till the chain is again 
ftretched in the dire£lion AB, and he put down another as a 
mark ; which done, you take up the fecond, and proceed to the 
third 'y and fo on, till you come to B. The number of arrows 
,takcn up by you is the number of chain-lengths j and the dif- 

tancc 
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tance between the laft arrow and the pole B is taken in Umpti 
Thu8» when you arrive at ^ you will have 6 arrows ; and there 
are 90 links over which^ together with the chain-lengths» jou 
are carefully to mark on the correfponding line in your eye- 
draught* tn like manner, proceed to meafure the lines BC^ 
CD, DE, EFi FA, and laftly the diagonals DB, DA, and £A. 
Or otherwife. 

The field may be meafured thus : — Step d^er the (iraigfat 
line DB; and where you imagine the perpendicular Cc will cut 
it, fet up the theoddite, dire£ling the fixed fights in the direct 
tion DB, and the index to C : if it cuts the limb of the inftru- 
menc at an angle of 90°, you have guefled right ; but if it does 
not, go towards B or D till you hit the point, and there fix a 
pole* In the fame manner, find the points b, e^ in die diago- 
nal DA, slnd X in the flraight line At". Then meafure BD^ 
Cc, DA, Ee, FA, Ex. ^ 

Mark down carefully on the eye-draught the fegmehts into 
which the perpendiculars cut the lines BD, DA, A^", alfo the 
length of the perpendiculars on the correfponding lines. 

By either of thefc tnethods, the plan of the field may be pro- 
tra£ted« and its area truly cali up as follows ; — ^Let ABCDEF 
be an irregular figure, whofe meafures «nd area are required* 

AB 696 Cc=586 

BC 750 Ec=3i2f 

CD 700 Bb 597 i 

DE 450 Ex 482^ 

EFS40 DC 383 

fA 745 DB «o^ 

DB 856 DE aj8 

DA 950 Fx 239 

Whefl the three fides of each triangle are given, the follow-' 
ing method is the beft for finding the area. The arithme- 
tical computation^ being intolerably laborious* 
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Firji^ LoGARITHMICALLt. 

For the area DBC. 



750 

700 
850 

)22ao 


II50 

750 

400 

• 


1150 
700 

450 


1150 
850 

.300 

• 


1150=3.06070 
400=2.60206 
450=2.65321 
300=2.47712 


1 1 CO 








2)10.79309 



Sq. links 249200 = 5-39654 



For the area DBA. 



' 850 

950 

690 

1^2460 


124 J 

850 
395 


1245 
950 

295 


1245 
690 

555 


1245=3.09516 
395=2.59660 
2i>5=2.46982 
555=2.74429 


r24C 


2)10.90587 



. Sq. links 28380Q = 5-45^93 







For DAE. 




950 

•450 

700 
a)2ioo 


1050 
950 . 

100 V 


1050 
450 

600 


1050 
700 

350 


1050=3.02119 
100=2.00000 
600=2.77815 
350=2.54407 


1050 








^)»o 34341 , 



Sq. links 148500 = 5.1 71 70 
Kk . For . 



3 
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For the area EAF. 



700 992 992 992 5^^=2.99651 

540 TOO 540 745 . 292=1.46531 

745 452=2.65514 

292 452 247 247=2.39270 



2)4985 



992 



2)10.50973 



Sq. links 179800^ = 5*25486 



249200 
283800 
148500 
1 79800 


• 


8.61300 
4 


8.61300 
4 


2.45200 
40 


2.45200 

40 


18.08000 

36 


18.08000 
3oi 1 


48000 
24000 


24OOCO 
2000 


2.88000 


% 42000 


In Scots, 


• 

If th^ Engliih chain* 


Anf. A. JJ. P.Elk. 


A. R. P. Tds 


8 2 18 2 


8 2 18 2 



It muftbe obferved, that, in the above example, the dimen- 
fions are fet down in links, (as being the bed method) and not 
in chains and decimals of a chain, confequently the area is 
found in fquare links, and may be reduced to acres by cutting oiF 
(Ive figures towards the right hand for decimals ; thofe remain- 
ing 
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ing as an integer are acres, and the reft brought to Talue as a- 
bove^ 

"When the bafes and perpendiculars are given, the following 
method is to be ufed i"^ 



For the area of DCB. 
DB=85o 
Cc s^ 

5100 
66oe 

4250 



2)498190 
249050 



of DBA 
DA=95o 
Bb =s97t 



> ■ f i 



6650 
8550 
4750 

475 

■■■■I i» 

2)567625 

2(3812 



of DAE. 
pA=95o 
Ee 312$. 



■ ■* 



For the area of EAF^ 



1907 
950 
2850 

475 
2)296875 

'48437 

New for' the whole fields 



FA=74S 
Ex 3:4824. 

1490 
5960 
2980 

37» 
2)359462 

»7973t 



A. k. F E 

nf. S 2 17 . 23. 



449058 
283812 
148437 

» 7973 I 

)^.6io30 
4 

2.44120 

40 

17.64800 
36 

3888CO 
194400 

I • i 1*1' 

23.32800 



Ek> 
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a^a SURVEYING. 

PROBLEM I. 

To^nd the' area of a re ff angular foU. ' 

RULE. 

Multiply the length by the breadth, and the produCt Is the 
area. 

EXAMPLE L 

Required the area of a reAangular £eld, whofe length is 
1920 linksj and perpendicular breadth 1200 links of the Scots 
chain. 



1920 

laoo 



23.04000 
4 

.16000 
40 

6.40000 

240000 
120000 



14.40000 ^. i?. 'JP* Mils. 

Anf* 23 o 6 14 

• 

Ex. 2. How many Scots acres are in a field 3500 links long 
and 1400 broad ? Anf. 49 acres. 

Ex. 3. How many Englifli acres are in a reftangular field 
, 1400 links long and 1200 broad i Anf* 16 ac. 3 ro. 8 p. 

fix. 
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— * • 

. Ex. 4* Rojuired the content of a redangular field, the 
length being aooo links, breadth looo links of the Scots chain* 

Anf. 20 acres. 
Ex. 5. How many acres are in a fquare garden, whole fido 
is 6 chain lengths Engliih ? Ahf. 3 ac. 2'ro. 16 p. 



PROBLEM U. 
To reduce Saits acres into Englifii, and vice v«rfa. 

RULE for Engliih acres. 

As the fquare of 66 

Is to the fquare of 74, 

So is any number of Scots acres 

To the number of Englifli acres required. 

For Scots acres : 

As the fquare of 74 ^ 

Is to the fquare of 66^ 

So is any number of Engliih acres 

To the number of Scots acres required. 

EXAMPLE L 
How many Engliih. acres are in 14 acres^ 3 roods S^ots ? 



66 
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66 74 

66 74 



39<J 29<J 

435^ ' S47<S •* 5 «4-7f 

saso 
10325 

. 5900 

1315 



4356)80771.00(18 acret. 

43S<S 

37211 
34848 



2363 
4 



435<5)94J2(» 
8712 

740 
40 



4356)29600 
26136 

3464 
401 



■•3920 
866 



4356) 104786(^4 
8712 

17666 
17424- 



An/. A. R. P. rJr 
*42 18 a 6 24 

£x. 
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355 



Ex. a. How many Scots acres are in 17 acres 3 roods Eiig« 
Iilh ? Anf. 14 ac. o ro. 19 falls 4 db. 

Ex. 3. How many EngliQi acres are in 400 Scots ? 

-^nf. 502 ac. 3 ro. 19 p. 29 yds* 

PROBLEM m. 

To find the area of a triangular field. 

If the bafe and perpendicular are given, workby Problem 5. 
of furfaces ; if the three fides are giren, by Prob. 7. ; and if the 
two fides and the angle contained be given, by Prob. 6^. 

EXAMPLE L 

How many acres are in a tiiangular field whofe three fidts 
are 5600, 7c^c> 4200 links of the EnglUh chain ? 



5600 










7000 










4200 


' 










8400 


8400 


8400 


8400=3^2428 


;2}i68oo 


5600 


7000 


42CO 


2800=3.447 16 
1400=3.14613 


8400 


2800 


1400 


4200 


4200=3.62325 
2)14.14082 






Sq.lmks 1 1760000 ac 7X>704t 



117.60000 
4 

2.40000 

4* 

1 60000s A. R. P. 

An/l 117 2 16 



Ex. 
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Ex. 2. Required the area of a triangular garden, whofe fide 
is 6«o, and the perpendicular falling upon it, from the oppo- 
fite Imglcy 756 links of the Scot8>'chain. 

756 
600 



2)4 53600 
2.26800 

A 

1.07200 
40 

2.88000 

3f 

528000 
264000 

31.68000 



A. R. F. EBu 
Anf. 2 1.2 31 

Ex» 3. How many acres are in a triangular ^dd, whofe two^ 
Hdes aie looo^and 1700 links of the Englifli chain, and the 
angte contained between them 48"^ 13' ? 

1900 
1700 

1330000 
1900 

2)3230000 

t 

16 I 5000 

A« 



i(tmVEYfi7&.: 



?>f 



Aifiditti 


« 


90 . 


iOiOAxM 


ts to fine 

80 is the produ^ of the 


» 

containing fidel 


48' 13' 
3230000 


9.87255 

6.70920 


1^0 twice the area 
thereof th« half is 


2408500 

1 2.04250 

4 




6.38I7I 




•17000 
40 


%. 




f 


tf;8oooo 
30t 

w 






4 


2400000 
20000 







24.20000 



A k. p. rdr; 
Anf. 12 o 6 24 



£jc. 4. Required the area of a triangular field, Whofe three 
fides are 600, looo, 800 links of the Scots chain. 

« • 

Arf. 2 ac. I rO. 24 falll. 

£x. 5. How many acres are in a triangular field, whofe bafe 
is' 1900 links, and perpendicular 1500 links of the Englifti 
chain ? Anf. 14 ac* i ro. 

Ez; 6i Required the area of a triangular field, whereof 00^ 
of the angles is 54^1 and contaliiuiig fides 1406 and 1500 links 
of the Scots cham* ^* 8 ac. i ro. 39 f. 7 ells* 



PROBLEM IV. 

Tdjind the area of afield in ihejirm of a trtfoizoid, S^ Frob«: 

lem 8. of furfacel* 



• / 



EXAMPLE L 



Required thci area of a t^poxoid, whofe parallel fides ar^ ' 

L 3009 



a58c StjRVRtiNO* 

^c^ mA 1500 Unks of the Scots chaioi and pei^cadiqular iif^ 
ttmoQ 1 290 links. 



3009 
i5od 



4*1 



2)4500 

2250 
1200 

i lY,, 

27.00000 



j^ftf 27 acres. 



£x. !• Requited tlie atea of a field in the form of a trapo- 
zoidy its parallel fides being 1260 an4 1500 links, and (>erpen- 
dicohnr bifeadth io«io links of the EngKih chain. 

jifif. 13 ac. 3 ro. 8 poles. 
Ex. 3. How many acres are in a field in the f^rm of a trago^^ 
^d, its parallel fides being 1000 and 1200 links, and perpen^ 
dicular breadth 650 Hnks of the Scots chain ? 

jinf. 7 ac. € ro. 24 falls. 

PROBLEM V. 

Ta mea/urt e^-fits^ Fig. 1« 

In afiual furveying, it often happens that a field is botinded 
by a river, a crooked hedge, &c. in which cafe it will be ne- 
cefiary to obferve the following directions : — Let A b c d e f 
leprefent a river or hedge. From A, in the direflion of the rt-^ 
yer, meafure the ftraight line AB. In doing of which, obferve 
the bendings of the hedge ; from thence meafure the o/T-fets 
perpendicular upon the ftraight line AB, and note them down 
•on the eye*draught, or record them in a field*book. 

When the off'fcts arc fmal), meafure them with an off^fet 

ftaff 
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• • • 

ftaff of !• links ; but when they are large, die chain is itodre 
expeditious. 



Let Ag 30a 
Ah 400 
Ai 450 
Ak joo 

Am 620 
Ab7scx 



gb ^30 
ch, 160 

di i6z 

ek 100 
fm 78 



Here thie figure is divided^ into triangles and trapezoids. The 
moft accurate method to find the area, is, to compute the area 
of each feparately hj the rule (qt their propes formi and the 
(urn of thefe will be the s^wa of thir whole^ Thps, 



Ag 300 
bg 130 



2)3900 



Agb 19500 



h 100 



ch-fbg 290 



2)29000 



14500 



hi 50 
ch+di 322 



2)16100 



8JS® 



ik ;o 
di-fch td2 



6550 



km 120 
178 



2)131002)21360 



iq68o 



mBi3o 

' 7 » > 

1040 

QIC 



2)10140* 
5070 



1950a 

1450a 

8050 

6550 

10680. 

507a. 



Jnf. 64350 fq. links^ 



J. R. P. rdf. 

o 2 22 29 



Sometimes fiich % figure as that above. is computed by find- 
ing a mean breadth, and reckoning the produ£l of tlie mean 
breadth into the whole length of th^ ftatioii-line AB for the a- 
rca* ThuS| add all the off-fet lines into one fumi^ ;md divide it 

L I 2 hv 



by ifySt number, reckoung i for each time di^ irKgnlar beanv 

■ _ 

dary meets the ftadoo-line, as at A and B ; the quot gives th^ 
mean breadth, which^ being muldplied into the length, piodu* 
pes the area* 

• % 

Howerer ezpetKtioos tins method may be confidered, It is 
always £dfe, except in the cafe when ^e off-fets are eqni^if- 
Isant from each other, as maybe £pen from the following com? 
putation of fhe above figure. 



»39 
100 


750 
90 

•67500 

4 


Falfe consent 2 28 
Truckitto 2 22 


ris, 


29 


78 


Plffi^rence 905 


'% 


7)«3* 
90 


2*70000 
40 





28*00000 



PROBLEM VL 



^afin4 the ar^M rfan trngufar fi^ld. Fig. 3. 



RULE. 

Qompufte the ares^s of theiig^res intQ which, the field is divi - 
^d|^ whether triangles or trapeziums, &c. by the rules proper 
for Uie feveral figures ; add th^feveral refults together, and the 
fum wUl ghre the content. 



J^t 
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LctAB=$2o 

BC=:434 
CD=:86o 

DE=:40O 

EA=53o 

, Bb=3<So 

£z=3oo 

EC=65o 

When the irregularities of the boundaries of a field are nu- 
inerous, it maf not be improper to recommend a field-book,' in 
which the feveral meafures are to be recorded, to prevent coiw 
/ufion* But when the field is not very irregular, all the mea* 
fures may, with equal advantage, be marked upon an ey^- 
draught of the field, each againft the correfpondinjr parts of the 
figure* And either of thefe methods may be pradifed, whether 
the furvey be large or fmalL 

There b no particular form for the field-book ; every ono 
rules and contrives as he judges moil proper for himfelf ; but, 
to avoid perplexity, the fimpleft form is the beft. The follow^ 
ing is a fpecimen of a method gcner?.Ily pradird. It is div'w 
ded int6 three columns^ in the middle is marked the ftations, 
bearing, and diftances meafured* On the right hand, the oSr 
fets are marked againft their correfponding diftances in the 
middle column, together witl^ fuch other remarks as occur in 
meafuring, fuch as houfes, hedges, ponds, noads,^ &c« In^e 
left hand pplumn are marked the inlets againft their correfpond* 
ing diftances in the middle column, and remarks, as above* 

N. B* The ifilas are perpendiculars dropt from fuch irregu- 
larities as fall within the ftation-line. The area of which is 
|o be fubtra£led from the general content of the field. 

The meafures of the preceding figure may be arranged in a 
(ield-bool( as follows : — 

The 



iSa 
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The PtBLD-BooK. 



/ 








- 


m 


Inlets and RemariLA. 


' Station, 


Off-feta and Remafln^ 




Bearing, Diftances. 






STATION !• 






lOO 


40 




>35 


60 




470 







6S0 







70a 


3^ 


. 


820 





< 


STATION II* 




§ 










220 


58 


• 


aSo 
43^ 


a hcdgd^ 




STATION III. 


« 


e 







62 


»75 


6x 


o 


330 







400 


40 




550 







700 
$60 


50 


» 


STATION IV. 


1 


» 


100 
220 





" 


61 a houfc* 




400 


a 




STATION V. 














S<5 


45 




110 


55 




130 


65 




170 


50 




250 





• 


' 340 


63 




380 


46 




440 


5» 




530 






Tke ^^iriiiga^ diftaaces^ ofi-fetsy 8cc* oti|^ td be vecocdef in 
the field-bool^. immcdiateljr when taken, otherwife material; 
miftakes may be committed. The field-book may be made up. 
thus : Svppofie A thfc firft ftation, and AB the firft line meafuied. 
Iji the n^iddle column mark .t ior the firft ftatiori ; next find 
by the theodolite the quantity of the mgh B AE» \fhieh iafevi: 
in the middle cohimfi« Then write a cypher belpw to desote 
the ftatioU) and another in the right hand columi^ to fignify dut i 
at the ftation A there h no off-fet i and at the diftance of loo 
links froni A^ in the dtre£tion AB, il an off-fet of 40 linU«> 
RegiftcT the diftance 100 in the middle coltimn ; and againft 
this diftance, iu the middle cdlumni write the ofF-fet 40 in thi6' 
right hand columns Again, at the diftance of 1 35 iink« from 
A, in the dire£lion AB, is an ofF-fet of 60 links i mark the dif** 
tance 135 in the middle column \ and right Oppofite to i^i in 
the middle column, write the bff-fet 60 ia (iie right hand co-> 
lumn. At the diftancie of 470 from A, in the direftion AB« 
the crooked boundary touches the ftaiion^line AB ; in which 
cafe the diftance 470 is .marked, in the middle aolumn, and a^ 
cypher in the right hand column, there being bo off*fct* At 
the diftance 6to from A, the irregular boundary ag»n deviates . 
from the ftation-liik AB. The diftance\68o is marked in the 
middle column, and the cypher at the right-hand (ide, as a^ove^ 
At the diftance of 700 linki^ from A, is an off-fet of 30 links $ 
mark thefe as above. Lq/lfyf Mark the wh«]e Icitfgth of thd 
line AB 850, then draw a ftroke* In like mahner mark B *2^. ' 
alfo the angle ABC ; and proceed to meafure BC as iibove }• 
and fo on, till all the boundaries are meafuted. 

If, in planning the fieldg the diredion EA, does not pafs 
through the point A with the meafu^ed diftance EA, feme er- 
ror has been committed, and the work maft be revifcd over a- 
gain. It may fave much trouble to. know whether the miftake 
has arifen from the angles or from the diftances : If the angles 
are right, the diftances alone are to be meafured. 

To, 
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To Imow if ikt angles have been accutatelj taken,- wid all 
tbe inward angles into one fum ; and when the work is rightf- 
tbeir fum is e^iial to twice as msmjr right angles as th^ figure has 
fides, wanting 4 right angles, (Eaclid 3 1. 1. Oor. i^) Or, in- 
ftead of the inward singes, their (bppleittents may be added in- 
to one fum ; and if it is equal to 360^9 the an^l^ har^ been ta- 
ken right, (Euclid ji« !• Cor. t.) becaufe all the exteriot angles 
of any rectilineal figure are together equal to 4 tight angles- 
Few diredions foif planning may ferve for znf one who has 
ftttdted and underftands the ufe of his infftuments. It may^ 
indeed, be neceflary to mention, that all plans of fiinreys ought 
to be laid doWn fd, a$ the north fide may ly towards the top of 
the |>apei', the eaft towards the right hand fide, the weft to the 
left, add the fduth to the bottom. Llkeixrlfe It is ciiftomary to' 
draw a meridian line, with zjlower^dt'luce dire&ed to the top' 
of Ae map or plan, to pcnnt out the nordi. 

When the plan of tifing-grourid is to be itiade ouf, the hy- 
pothenufal lines muft be redticed to a lerel, otherwife the plan 
will be diftorted ; and when k mountain is to be feprefented on 
a plan, the bafe only is taken | and in computing its content, 
as well as in planning it, this fliOuld be cdnfidefed, that the 
bafe of the mountain will contain as many growing trees as its 
furface *• — Wc ihall fubj6in a table for ftiaking the necefla-- 
cy dedu£lions td reduce hypothenufal lines to a level $ ancf 
diefe allowances may be made immediately when meafured, 
'before the meafufes are recorded ia the field-book, or wheit 
the plan is to be ptotra£led« 



* This may appear a paradox to feme, who perhaps nevef 
obferved, that trees grow perpendicular to the horizon, or 
pardlel to each other. . 
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Jt 'Table /or reducing Hypothenufal Lines to a Level, from 



/ 



1 

Inclination. . 


ml ' 
§ 

a 



Level. 
IOC 


■Si 
SI 

i6' 


•a 

§ 

i 

39 
4.4 


Level. 
96.1 

95-6 


Degrees of 
Inclination. 


• 
§ 

•0 

& 




Level 


1 


3«° 


14-3 


85.7 


2° 


.1 
.1 


99.9 
99.9 


.7- 


32° 


»5-2 


84.8 


3' 


18° 


.4-9 
5-5 


95 ' 
94-$ 


33° 


16. [ 


83-9 


4' 


•2 


99.8 


'9° 


34" 


17.1 

18.1 


82.9 


•5" 


•4 


99.6 


io» 


6.0 


94,0 


35.'' 


81.9 


6" 


S 99-5 


ai" 


6.6 


93-4 


• 


19. 1 


.80.9 


r 


m 

7- 

I.O 


99-3 
99.0 


22" 


7-3 


92.7 


sr 


20.1 


79 9 


8' 


23° 


7.6 


92.4 
92.0 


38' 


21.2 


i 78.8 


9- 


1.2 


98.8 


24° 


8.0 


39' 


22-3j 77-7 


10° 


i-S 


98.5 


25" 


i 8.6 
9.4 


91.4 


40° 


234 


76.6 


II» 


1.8 98.2 


26» 


90.6 


4«" 


24-5 


75-5 
74-3 


12° 


2.2 197.8 


27° 


', 10.1 


89.9 


42" 


25-7 


«3' 


2.6 97,4 


28° 


,10.9 


i).i 


43° 


26.9 


73' I 


'4' 


3.0 197.0 


^9° 


11.7 
'»3-4 


88.3 

86.6 


44° 


28.1 


71.9 
76.7 


: »5- 


3.4 96.6 


SO" 


45° 


29.3 



M m 



la 
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In the foregoing table, we have the allowance to be made 
for every chain-length, from i° to 45®. To reduce an inclined 
field to a level, let it be requited to find the deduction on 10 
chain-lengths, upon a declivity of 24*^. Againft 24° in the co- 
lumn of degrees, we Lave 8 in the column of dedufiions ; that 
is, 92 links on the , level, which, multiplied by 10, gives 92a 
links ; and fo on of the reft. 

The ftraighteft line that can be meafured by the chain is, for 
. various reafons, longer than the true quantity* All decimals of 
links fhould, therefore, be negle£led$ and,indeed,a moderate and 
judicious allowance fhould be made on integers themfelves, ex- 
cept when the ground is fmooth and plain. 

The area of the above figure is computed as follows : Fig. 3. 

Tor the triangle ABE. For the triangle BEC. 

820 650 

4100 39000 

4100 1950 



2460 
2)291100 
145550 fq. links* 



2)234000 
117000 



For the triangle ECD^ 

860 

300 

2)258000 
1 29000 



To 
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To find the oiT-fets on the firft ftation-line AB. 



100 

40 

04000 


2)1 

m 


60 
40 

100 

'35 


140 
30 

' 2)4200 


• 

2000 


2100 


[3500 



6750 

To find the area of the ofT-fets on the fecond line BC 

I 

280 
58 



2240 
1400 



2)16240 
8120 

To find the area of the ofi^»fets on CD. 

220 310 

40 50 



2)8800 2)15500 

4400 7750 

To find the afea of the off-fets on D£» 

300 

62 

■ " 
2)18600 

9300 
Mmz To 



968 
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To find the area of the off-ftts on EA. 



5^i 

45 


45 
55 


55' 
65 

120 
20 

2)24or 


61; 

50 


80 
50 


63 

QO 

2^)51570 

2835 


46 

63 


2)2250 


100 
60 

2)ftOOO 


1^5 

40 

2)4600 


2)4000 


, '09 
40 


1125 


2000 


24360 


- • 


, 3000 


1200 


2300 


2180 



4<S 
5» 



98 
60 



1)5880 
2940 



5? 
90 



y 



2)4680 

2340 



To find the inlets on CD. 

33<> 
62 



i 14555Q 
The triangles, < 1 17000 



660 
1980 

2)20460 

4fO230 



/ 


( 


^ 129000 
* 2000 

6750 
2100 


• 




8120 


The off-fcts, 


< 


4400 

775P 
9300 

1125 


• 




3000 
1200 






2300 
200Q 

2835 
2180 

2940 

L 2340 


laleu 




45189b 
10230 



jtnf 441660 in fq. links. 
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4 

" ■ - 
1.66640 

^O 

" ■ » .t 

26.65600 

393600 
196800 

23.01600 ^. Jt^ IT £, 

jfn/. 4 I 26 23 

PROBLEM Vir^ 

* 

Of th Plain Tablb. 

The plain table confifts of a plain fe6bangular board of any 
convenient fize, fitted in a frame of wood» fo ag it can be taken 
out or put in at pleafure for t}ie conyeniencp of putting a fhcet 
of paper upon it. 

One fide of the frame is divided into degrees fpr the puipofe 
of taking angles ; the other is ufually divided into equal part^ 
for drawing lines on the table, cifher parallel or perpendicular 
to die fides. 

The plain table is provided with an iqdexj either with open 
fight^i or a fmall telefcope : And that edge of the indezi which 
is in th^ fame plane with the fights, is called ihejlducial edge* 

A magnetic needle and compafs is fixed in one fide of the 
plain tablcj to point out thfs direction* It is fixed to a (land of 
a convenient height, and moves upon an univerfal joint, by 
which means it will incline in any dire£Hon, and, being fcrew- 
ed faft in the focket, it will retain any fituation given it. 

The plain table is one of the moft expeditious inftrumentr 

(uryeyors ufe 3 for no fooner are the difitrent angles taken, and 

the 
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the diftances marked on the plain tahk, than a plan of the field 
is obtained : and this may be done bj,taking a flation within , 
the field, or by choofing one of the corners for a ftation, or o« 
therwife by going round the field. 

I. By taking a ftation within the fields 

Let A6CDE4 Pig* A' be a field, and O an eminence within the field. 
Plant the table at O, and fcrew it with the needle north. Mark. 
O upon your paper, and apply the index to O, dire£ling it to the 
corner A, till through the fights you fee A ; then draw an ob- 
fcure line along the fiducial edge of the index to reprefent the 
dtre£);ion OA. Then turn the index, till through the fights 
you fee B, and draw an obfcure line from O along the fiducial 
edge of the index to reprefent the diredion OB. In like man- 
ner, apply ,the index fucceilively to O, turning it round with the 
fights tothe.remainingfangles C,D,£, drawing the obfcure lines 
OC, OD, 0£ 'j then with the chain meafure the ftraight lines 
OA,OB, OC, OD,OE, and mark the refults upon the corre- 
fponding lines on the table. Join their extremities AB, BQ 
CD, D£, EA, and the thing is done. 

When the plain table has degrees marked on it, the quantity 
0f the angles may be marked immediately when taken 5 other- 
wife they may afterwards be me^fured from a- line of chords or 
protractors — and the area found, as taught above. 

2. When from one <jf the angles all the reft may be fcen, let 
the pomt A be an angle from whence the reft may be feen ; 
there fix the ftation. JTum the table till the middle point to 
the flower-de-luce ; fcrew your inftrument faft ; then turn the 
index till through the fights you fee the corner B, and draw an 
obfctive line along the^fidudal edge of the index, to reprefent 
fhe diredion AB : again turn the index, till tlirough the fights 
fucceffively you fee the comers C, D, E, and to each of thefc 
draw obfcure lines : Then with the chain meafure the lines 

AB, 



^ 



SURVEYING. 271 

AB| AC, AD, dnd note them down on the paper from a fcale 
of equal parts, each againft the correfponding line on the 
ground. Join their extremities, and the thing is done. Bf 
this method alfo the angles may be found, and the area compu- 
ted, as above. 

3d, By going round the fields 

When woods, waters, or other interruptions happen to be in the 
way, a field may be maefured by taking-all the angles and fides in 
their order : Thus, begin at A, after having fixed your inftru'* 
ment, the needle pointing to the flower-de-luce, turn the index 
till through the fights you fee the corners E;B, and along thefe 
dire£tions draw obfcure lines, meeting at A. Meafure thefe 
lines AE, AB. and note them down from a fcale of equal parts« 
Then remove your ihilrument from A to B ; there -fix it again, 
and turn the table about till through the fights, along the 
ilraight line AB, you fee the point A. In this pofitioh, alfo^ 
the needle will, of itfelf, point to the flower-de-luce. Here 
turn about the index till through the fights you fee the comer 
C ; meafure it, and mark it down from a fcale of equal parts 
upon the obfcure line drawn in the direction BC. Again carry 
the inftrument to C, there fix it again, and lay the index from 
C along the ftraight line DC, and fcrew the table faft : obferve 
if the needle point to the flower-de-luce ; turn the index about 
to D, and draw the obfcure line CD ; meafure it and mark it 
down from the fame fcale of equal parts. In the fame manner 
find the remaining fides and angles till you end at the firft fta- 
tion, and it is done* 
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PROBLEM ylll. 

Tojidrvej ajUld by the tbeodoliti* 

I. From a point within the field— 

^lace the theodolite at O, (Pig. lafi Proh.) and turn it about 
till the fixed fights point to any objed, as A ; fcrew the inftru- 
ment faft, and turn about the moveable index till through the 
moveable fights you fee B, and note the degrees cut on the limb 
of the inftrument in a field-book, or rather on an eye-draught, 
then turn the index in the dire£^ions C, D, £, and record the 
angles as above* Then meafure the lines O A^ OB, OC, OD^ 
0£y and it is done. 

2d| From one of the angles* 

Choofe any arfgle for a ftation, from whence all the other 
angles may be feeti. Suppofc angle A, as v^fig^ Prob. 7. Find 
the number of degrees in the angles B AC» CAD, DAE, and 
mark them down upon the eye-dtaught, each againft the cor- 
refponding parts of the field \ (hen meafure the ftraight lines 
AB, AC; AD, AE ; mark thcfe lipon th6 eye-draught ; fo the 
plan may be made out^ and the area founds as (hewn above. 

PROBLEM I^ 

Tofurvey afield by iv)0 fiationji 

• 

By this method, grounds may be planned and furveyed with- 
out entering upon them. This is performed by choofing two 
ftations, either within or without the field, from whence all the 
angles, ponds, houfes, crofs-hedges, roads, rivers, &c. &c« may 
be feen. Either the theodolifee or plain 4able may be ufed. 

Let 
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Let ABCDEF be a field whofe plan is required, and let the 
points I. 2. be eminences, from which a fufficient view of the 
field is obtained* Fir(l| Place the inflrument at i, and take the 
angles AIB, BIC, CID, DIE, EIF, FI A, and draw lines in the 
feveral dire£tions of thefe angles, and any other remarkable ob- 
je£t. Then meafure the diftance from i to 2, and place your 

» 

inflrument at 2 ; thence drawing lines in the directions of all 
the angles, and of fuch other objects as have been noted from 
the former flation. Then thefe obfervations being planned, the 
interfedlion of the lines will point out tlie feveral comers and 
objects requited. 

When two ftations are not fufficient, three or more may be 

chofen, as the furveyor fhall fee caufo, meafuring the diftance 

between each flation. And the interfe3ions of the lines point 

out the obje£ls, with their proper places on the plan. By this 

. method very extenfive furveys may be taken. 



OF DIVIDING, OR LATING OUT GROUND. 

PROBLEM r. 

To lay out reBangular ground* 

RULE. 

Divide the given area by the given fide, and the quotient wiH 
be the fide required. 

EXAMPLE. L 

What length of a reftangular field, whofe breadth is 40© 
links, will make 3 acres 2 roods? 

400)3-50000 

Anf. 875 

Nn R 
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Ex. 2. What length of a xidge> 8 ells broad^ will taaif/t 1 5 
falls ? ^fifi 674- ells. 

Ex» 3. What length of a ridge, 40 feet feet broad, will make 
3 roods of land ? j4fff. 816^ feet. 

Ex. 4. A field contains 32 acres 3 roods Scots, the breadth 
being 510 links, required the length. An/: 6422 links nearly. 

Ex. 5. The length of a re£kangular field, being 6575 links, 
required its breadth to contain 328 acres 3 roods. ' 

Anf. 5000 links. 
Ex. 6. A fquare field of 1 5 acres 2 roods 20 poles : It is re- 
quired to find the length of its fide* Anf. 1250 links. 

Ex* 7. Required the fide of a fquare field in yards, whofc 
content is 30 Englilh acres. Anf^ 831 nearly. 

Ex. 8. What length of a re£):angular field will make 25 Eng- 
lifh acres, tlic breadth being 1934. yards ? Anf. 625 yards* 



PROBLEM 11. 

'fo lay out a triangular field, 

RULE I. 

When the bafe is given, to find the perpendicular : Dividd 
the area by the bafe, and twice the quotient will give the* per- 
pendicular. 

Rule 2. When the perpendicular is given, to find the bafe J 
Divide the area' by twice the perpendicular, and the quotient is 
the bafe. 

Rule 3. When any part of a given triangle is to be cut oiF 
by a line parallel to one of the^ fides, it muft be remembered 
thatfimilar furfaocs are to one another as the fquarcs of their 
conefponding fides ; and iVcy verfa* 

EXAMPLE 



< 
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EXAMPLE I. 



Required the perpendicular breadth of a triangular field| the 
bafe being 520 links, and content 9 acres. 



520)9.00000) 1 73of-f 
520 2 



3800 3461 -7t linko* 
3640 



1600 
1560 

40a 



Ex. 2. A triangular field of 630 acres is to be divided equal* 
ly between two farmers ; the bafe meafures 6000 links» and 
the march is to be drawn parallel to the bafe i required how 
much of the perpendicular will fsm to each. 



6.009)63000.000 
10500 

2 



21000 the whple perpendicular^ 



Nn 2 
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320 : 160 : : iicoo 

Or rather 2:1:: 441000000 

I 



2)44 1 000000 

220500000^4849 
I 

24)120 

288)2450 
2304 



2964) 14^^00 
11856 



29689)274400 
267201 

7199 
The whole perpendicular 21000 links. 

One of the farmer's fhare is ^4849 link^. 

Confequcntly tlie other's fhare is 61 5 1 links. 

Note. The greater part of the perpendicular will fall to him 
whofe divifion lies towards the vertex. 

Ex, 3. Suppofe a field in the form of a right-angled triangle, 
whofe bafe is 2500, and perpendicular 3000 links of the £ngli(h 
chain, and that a hedge is planted parallel to the perpendicu- 
lar, cutting 0^20 acres, required the expence of planting the 
hedge, at is. 6A. per yard. Anf 36I. 3s, o^d. 

Ex. 4. How long is the bafe of a field of 35 acres 3 roods 
20 pales, the perpendicular being 3550 links ? 

Anf. 202 1 tV neaily. 

PROBLEM 
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PROBLEM in. 



To lay cut a given area from an irregular jUld. 

EXAMPLE L 

I 

IiCt it be required to cut off* if acres towards the north fide 
of the irregular field ABCD* Fig. 4. 

The Field-Book. 



Inlets. 



Stations 
and Dillances. 



Off-fcts. 



> 1. A* 

O 

80 
160 
180 
240 
270 
360 
470 

.2. B. 

535 





.3.D. 








20 


60 


20 


120 





180 


16 


2eo 





230 




300 


1 


375 


« 


- 470 




• 4* ^* 




535 



o 

40 
42 

3<^ 
40 

60 

•38 
12 



38 
40 

3® 
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80 

40 


40 
42 

82 
80 


42 

72 

20 


30 
40 

70 
60 

2)4200 

2100 


40 
60 

100 

30 


60 
38 

98 

90 


3« 

12 


2)3200 


50 


1600 


1 10 




2)6560 


2 144c 


2)3000 


2)8820 


2)55©o 


3280 


720 


1500 


4410 


2750 



1600 
3280 
720 
2100 
1500 

4410 

2750 



Now an acre is 

Whereof the i is 

Equal to if acres, 

Subtraf): the off-fets on AB> 
16366 fq- links* There remains 



100000 fq. links. 
50000 



150000 
16360 

133640 



Now by Pros. !• 

470)133640(284 nearly=Ax or Bx 
940 

39<^4 

2040 
1880 

160 

Ex. 2. It is required to lay off 2 roods towards the fouth fide 
of the fame field, and to know how far up the lines AC, BD^ 
the march-line muft be ftruck. jlnf 92^7 links. 
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UNNERT is the art of cbarging, dirtfting, and exploding 
fire-arms, fuch as cannons, mortars, &c. to the bed advantage. 
To this art belongs the knowledge of the force of gunpowder, 
the dimenfions of cannon, the proportion of powder and ball 
they carry. 

From experiment and obfervation alone the hiftory of nature 
can be doIleAed, or htv phenomena defcribed. By the princi-> 
pies of geometry and mechanics we are enabled to carry on the 
analyfis from the phenomena to the powers or caufes that pro- 
duce them. 

The fame power which renders bodies heavy when ^t reft, ac- 
celerates their motion when they defcend in the dire£lion of 
their gravity ; and, if r,QJe£ted in any other direction, .bends 
their motion into a curve line, which, from its properties and 
flexure, is known to be a parabola. For every body, projed^ed 
into the air, moves under the influence of two dilUnA forces, 
viz. its proje£tile force, and that of gravity. By the firft, it is' 
carried forward with an equal motion, and defcribes equal (pa- 
ces in equal times. By the latter, it is drawn downwards in 
lines perpendicular to the horizon, with a motion inceflantly ac- 
celerated. If either of thefe forces were deftroycd, the body 
would move for ever in the direftion of the remaining force a- 
lone, (if its motion was not hindered by the interpofition of o- 
ther bodies;) but, as botli continue to act, the courfc of a pro* 
je£lilc muft be determined by a^ power compounded of thefc 
two forces^ ^ ff 

DfiFINITIONS. 



a8o GUNNERY. 

Definitions. * 

1. The impetus of a piece is the perpendicular height to 
ivhich it would ihoot a ball with its ordinary charge of powder ; 
or the height from which it muft fall perpendicularly to acquire 

the velocity with which it was projedied. ^Thus, BA is the 

impetus. Fig. i. 

2. The diameter, or axis to any point of the curve, is a line 
drawn from that point perpendicular to the horizon. Thus, 
HQJs the diameter to the point H. 

3. The point H is called the vertex. 

4. The ordinates to any diameter' are lines drawn parallel to 
the tangent, where the diameter cuts the curve. Thus GK 
is an ordinate to the axis HQ^ 

5. The abfcifs is that part of the diameter intercepted be- 
tween the ordinate and the curve. Thus, HQjs an abfcifs of 
the diameter HF. 

6. The altitude of the curve is the perpendicular height of 
the vertex above the horizontal plane. Thus, HQjs the alti- 
tude of the curve AHK. 

7. Tfie amplitude i? the diftance between the objc£J aimed 
at and the piece, and is fometimes called the random, or range. 
Thus, AK is the amplitude of the curve ABK. 

8. The elevation of the piece is the angle its direftion makes 
with the horizontal plane; 

9. The inclination of a plane is the angle it makes with the 
horizon, and is either elevated or depreflcd. 

10. The direftrix is a line parallel to the horizon, and whofc 
diftance from the horizon is the impetus. 

K. jB. The venex is cquidiftant from the direftrix and focus. 
The focus may be found by various methods* Thefe follow- 
ing are moft commonly ufcd. 

PROBLEM. 
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PROBLEM. Jfg.i. 

To defdrtbe 4he path rfa projr8ik^ 

fitaw AL the liorizontal plane, and, from a fcale of equal 
|9^8, \2j off the amplitude AK, and through the point A ereA 
a perpendicular AB equal to the impetus taken from the fame 
fcale ; through B draw the direArix parallel to AK \ then 
l)ife£l AK in (^ and draw QN at right angles to AK ; upon 
A, as centre with the diftance AB,^ defcribe the femicircle 
BFfR, and the point F is the focus. Or, 

If the dire£l:ion AD is given, upon AB, as diameter, defcribe; 
•^ femicircle BDA \ and through the point of interfe&ion D 
draw BD, and produce it to F ; fo (hall BD and DF be equal, 
and F will be the Cdcus. Or, 

Through the point D draw PD parallel to the horizon \ then 
fliall PD=sDH, andj^NHsHF, and H will be the vertex. , 

Cor. 4. times PD is equal to the amplitude. 

Then proceed as Ihewn in Prob. 9. cenic ftnions* 

PROBLEM L 

^he Impetus of apiece and tie angle of elevation heing given, tBJind 

ibe amplitudem 

EXAMPLE L 

How Far will a cannon^ whofe impetus is taoo feet, carry, 
ftt an elevation of 30** ? 

Geotnittricalty* 

Let AB reprefent the impetus of the piece, or the velocity a 
heavy body would acquire in falling from B to A. Through 
the point A draw the horizontal line AL, and make the angle 

Oo LAM 
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LAM equal to the suigle of elevation. From the centre A» 
with (he radius AB, defcribe the femicircle BFOf R ; its cir- 
cumference (hall be the locus of the foci of all the parabolas 
^at can be defcribed by a projeftiie tlirown from A» with the 
velocity it could acquire in falling from B to A ; for, by a 
knovm property of the parabola, the diftance of the focus from 
A is always equal to one-fourth of the parameter of the diame- 
ter that pafles through A, tjiat is, to AB ; all the foci muft, 
. therefore, be found in the femicircle BFOFR. It will there- 
fore be Cafy to determine the parabolas, when the diredion of 
the projeftile is given ; for if, upon the impetus AB, you de- 
fcribe a femicircle BDdA, you need only join BD, and lay off 
BD equal to DF, and F will be the focus ; and if through F 
you draw the line QF perpendicular to the horizontal line AL, 
ic (hall be the axis ; and H, the middle point between F and 
N, fliall be the vertex of the parabola. 4 X FH is the length of 
the parameter of the axis. 

If a line HP be drawn through the point H perpendicular to 
AB, the ftraight line BF and PH will bifed each other ; alfo 
AM, the line of dire£tion, will pafs through the point of in- 
terfedion in D, and bife£l the line BF at right angles ; and 
therefore the femicircle BDdA will pafs through the fame point 
D. 

The amplitude of any parabola is equal to four times the 
fine of twice the complement of the angle of elevation ; PD is 
the fine of the angle PCD, and the angle PCD is twice the an- 
gle PAD, becaufe the one is at the centre and the other at the 
circumference ; but the angle PAD is the complement of the 
angle of elevation DAK ; therefore PD is the fine of twice the 
complement of the angle of elevation; and aPD is equal to 
PH ; but iPH is equal to AK ; therefor^ AK is equal to 4PD. 

Hence it will follow, that when the angle of clcvatiop; be- 
comes 45"^, the points F and QJhall foil in the point O, and 
AK becomes twice the impetus* llie fine FJ> is the co-fine of 

double 
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double 45*» which is the fine of 90^, or the radius; and, as the 
fine of 90® is the greateft, we hiay infer, that if a body is pro- 
je£led with an elevation of 45**, it will be carried farther on 
the horizontal plain, than, if projected with the fame Telo- 
city, in aiiy other dire£lion. 

Alfo, If of two dire£^ions the elevation of the one exceeds 
45^ as much as the elevation of the other wants of 45% their 
amplitudes will be equal, for the angles are complements of 
each other, and the fines of double qf thefe angles mud be e- 
qual, becaufe they are fupplements to two right angles to one 
another; but the amplitudes of the parabola is always quadru- 
ple of thefe fines^ and therefore they muft alfo be equak 

To^nd the amplitude by trigonometry^ 

As radius 00 - • * - lo.ooopp 

Is to twice the impetus 24QO •< - 3.38021 

So is fine twice the elev. 60^ - - 9-93753 

To amplitude 2078 = - - -. 3.31774 

EXAMPLE ir. 

L^ the impetus be 3600, and the angle of elevation 75°. re- 
die amplitude* 

As radius 90 .,•.,. lo.ocooo 

Is. to twice the impetus 7200, - - 3-^5733 

So is fine twice elev* 150° - - - 9-^9897 

To amplitude 3600 =^ - ^ - - 3-SS^30 

From the preceding example, it is evident, that the impetus 
of a piece is equal to the amplitude, when Rrcd off at the angles 
•C i^" or 7s^ 

Q.O.X ^l 
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By Scale and Compaffei. 

In fie. I. Xxtend the compafles from the radius totA^fine 
of 60^, the fame eitent will reach from 2400 00 the linfi of 
nuQ^bers^ to 20781 the amplitude required. / 

r 

PROBLEM 11. 

^he amplitude and impetus being given, to find the. elevation* 

EXAMPLE L 

At what elevation will a mark be hi^ diftant 5100 yardsi^ 
the impetus being 3000 1 

■*■ • 

As twice the impetus 6oco - - - 3*778 1 5; 

Is to radius 90^ - - - - 10.00000 

So is amplitude 5100 - ** - 3-707S7 

To fine twice, elevation 58® 13' = « 9.92942, 

Lower elevation 29 6? 
Higher elevation 60 54 5 

Ex. 2. At what elevation will a mark be hit, diftant i8o#. 

yards^ tlie impetus being 900 yards ? Anf. 45^ 

Ex. 3* At what angle will an obje£t be hit, diftant 420^ 

yards, the impetus being beuig 4000? ^ >. C 15® 50' loweft. 

^' (^74^ lo'higheft^ 

By Scale and Compajfes. 

The extent from twice the impetus on the line of numberf„ 
to the amplitude, will reach from the radius on the laneof finest 
to the fine of double die elevation. 

PROBLEM 



aSju 



PROBLEM IIL 



I 

Siven the. amplitude, and tbc an^ie ef elevation, UjfinJ ibe i npetus^. 

EXAMPLE I. 

What impetus will ^rry a ball 3520 prds^ at. an elevation 
of 3a* or of 60** ? 



As fine twice elev. 30* 

1% to fadius 90° 

So ia t amplitude 1 760 

To impetus 2032 = 



9-93753 
10.00000 

3.-24S5«- 
3-3079.«. 



Mj Scale- and Cam^ffeu 

• > 

The extent from twice the angle of elevation on the line oT 
fines, will reach from |- amplitude; on the line of numbcrsj t%. 
the impetus- 
Ex. 2. The amplitude is 3000, and the diredion 45% requi- 
red the impetus. Anf. 1500, 

Ex. 3. The amplitude is 5^00^ a^d clevadon 75, reqilircd 
the impetus. J^ 5200. 

PROBLEM IV. 

3 he amplitude and SreBifn being given, tojind the hngfit of t^ 

projeHion. 

EXAMPLE." I. 

Ilie amplitude being 1200 yards^ and elevation 30% required 
ihe height of the pro|e£tion« 
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I 
As radius 90 . • • «. lo.ooooii 

Is to tangent clcv. 30"*^ - - 9.76144 

Sois ^ ampiitude 300 - - - 2.47712 

ill J 

To the height of the projcftion 174.3 = - 2.23856 

£y Scale and Compajfes* 

The extent from the tangent of 45% or radius> on the line of 
tangents to the angle of elevation, will reach backward on the, 
line of numbiers from f the amplitude to the altitude required. 

£x* 2- Given the impetus 4000, and amplitude 4200, requi«^. 
fed the greateft altitude of the ball. Anf. 29S; 

PROBLEM V. 

J,l€ altitude and elewxttori being given, fo^nd the umpHtudiK 

EXAMPLE L 

Let the altitude be 1 73^ yardsy aod elevation 3^°^ requtreife 
the amplitude. 

A€ tangent angle elevation 3c® = -, •* 9.76144. 

Is to radius qo -.^ ^ lo^ooooo- 

So is the greateft alt. 1732 • - - 2.23855 

To i amplitude 300 * - - - ^'477 ^ ^ 

4 

Amplitude 1206 

By Seale and Compares. 

The extent from the tangent of 30° to 45*, or radius, wilt 
reach forward, on the line of numbers, from 173*2, to 300 ooe* 
fourth part amplitude. 



/^ 
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Ex. 2. The altitude 368* aod (ler^tion 40"* 15', required 
the amplitude. Anf. 1738. 

• ?RO^LEMVI. 

T,h€ eUvation 0nd amplitude beini ghen, and any other dtreffion^ /# 

JinJ tie amplitude for that direB'nn. 

EXAMPLE. 

The direaion MAK, so"" 15'; iu amplitude AK it 
7900; any other diTe£bjon» 32° 30' being given, to find the 
sioiplitude for that diref^ton, the piece :being the fiun^ 

As the fine of twiqc the ill elcv. 50** 15' - 9,99267 

Is to the I ft amplitude 7000, - - 3.84510 

So is the fine of twice the ad'clev. 32** 30' - 9-9572^ 

1380238 

To the amplitude required, 6452, - - 3.80971 

By Scale and Compajis. 

The extent from 79® 30' to 65** on the line of fines, wiH 
reach backward, on the line of numbers, from 7000 to 6452, 
the amplitude required. 

£x. 2. The angle of elevation is 28^ 12'; its amplitud is 
^100, and any other direction 37** 28', required the ampHtudr 
for that dire^ion. An/. 59 ( a> 

PROBLEM Vn. 

The greaieft altitude of a bally tuith the elevation, and any other 
altitude, not greater than the intpetus, being given, to find the tf- 
kvation with which the ball wasprojtBed. 

EXAMPLE, 
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EXAMPLE. 

A cannon being fired at an angle of 24^ 5', tbe greateJI :dti« 
tu(ic of the ball 180 yards; another vas fired ofi, and the 
greateft altitude of the ball was 400 yards ; at what angle 
hi elevation was the cannon fired off the fecond time t ^ 

m 

As the firft altitude 180 = - - ^**55^7 

Is to the verfed fine of tv^Ice the firit elev. 48^ 20' 4.52249 
-So is the fecOnd altitude 400 * * 2.60206 

7-1^455 
J To the vcrfcd fine of twice the ang, 7 « ^ 4.8692* 

of the fecond elevation, ^ 74 J 

The elevation requi)'ed| 37® 28' 

iy Sdale and Qbmpaffes. • 

The extent from 180, on the line of numbers, to 400, will 
feach from 48^ 10' to 74° 5^^^ on the line of ver/ed fines' ^ 

Ex. 2. A ball was proje£ted at an angle of 40^ 30', its great-^ 
eft altitude being 500 yards ; afterwards another was proje&ed^ 
whbfe altitude was 400, required the elevation of the piece* 

^^35^31^ • 

Ex. 3. The greateft elevation of a ball being 450 yards, the 
elevation 36"^ required the elevation of another proje£tion, the 
greateft altitude being 240 yards* Anf. 25° 25' 

PROBLEM VIIL 

^he elevation and amplitude being given, tejind tbe time rf the 

flight. 

EXAMPLE. 

Hbw loog will a ball, fired off at an angle of 58% remain in 

the ait, the amplitude being 528c feet i 

As 
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As radius - - - - 90° = lo.ooooo 

Is toampHtmle ... 5280 = 3-7^^63 

So is tangent elevation - - 58^ = 10.20421 

To the fquaie of 4 times the feconds 8450 3.92684 

The fquare root of which is 92 nearly. 
Whereof the one-fourth is 23 feconds of time. 

\ 

This Problem is neceflary in adjufting the [fufee of bombs, 
M'hich are generally fired oif at an an'^lc of 4s '• 

It is common among gunners to find the angle between^ the 
obje£l and the zenith, and take the complement of half that 
angle for their elevation. And becaufc a lefs charge of powder 
will ferve with thi.«^ elevation tlian with any other, they find, by 
trial, what charge will reach the objc£l, 



PROBLEM IX. 

^he (tmplltude ofiheprojnlile^ iv'itJj a given charge ofpoithhr being 

givefif to find ivhai charge of powder 'luill be necvjfiry to hit an 

objeB at any 9ther dlflduce^ (not greater than the oitimojl range) 

th^ elevation being the fame. 

t 

EXAMPLE. 

If 16 lb. of powder will Tnoot a cannon ball to the di (lance 
of 60CO yards, required the necelTary charge to (hoot the fame 
ball 5000, with the fame elevation. 

As the firft amplitude 6000 - - 3 77^ ^5 

Is to a charge of 16 lb. , • • • i 20412 

So is the given amplitude 5000 - - 3-^9897 

To the charge required, i3ylb. = * ' 1.1249Z 

P p Or 
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Or faji numericaliys 
As 6000 : |6 : : 5000 : 13,^ lb. 



PROBLEMS on AJcents and DefantJ. 

A proje£lile thrown on an afcent, with the velocity it wonid 
acquire in falling from B to A} in the dire£lion AE^ will ftrike 
the line AN in K, fo that AK will be equal to 4CD. Suppofing 
the angle KAG a right angk^ the angles G AB=GBA, and that 
a femicircle on G^ as centre with the radius GB, cuts tlie line 
of direction in D, and that DC is parallel to AN^ meeting AB 
\n the point Q 

Becaufe the angles KAD, ADC, are equal, being the alter- 
nate anglesi and AK touches the circle, and AD cuts it, the 
angles KAD, DBA, are equal; therefote the angle DBA= 
CD Ay cpnfequendy the triangles ACD, ADB, are fimilar, ha- 
ving the angle at A common ; therefore AC : AD : : AD : AB. 

Again : Becaufe the triangles ACD* PAK, are fimilar, AP : 
PK : : PK : 4 AB ; therefore AD=PK, confequently CD=AK, 



Cor I. Tlirough D draw a line parallel to AB, cutting the 
circle in Dd, and join AD, then will the projeflile, thrown in 
the direction Ad, ftrike the line N A in the point kj for CDs 
cd=AB=AK. 



Cor. 2. Parallel to AB draw KL, a tangent to the circle in 
H, join AH, then {hall AH be the direction which (hall carry 
the proje£tiIe fartheft on the line AN \ bepaufe^ when D coin- 
cides 



titles inrith H, CD is the greateft poflible^ and confequently 
AK (4CD) is the greateft diftance the pToje£lile can be carried 
tO| with the velocity acquired in falling from B to A. 

Cor. 3. It is plain that the angle HAN=HBa=HAB ; there- 
fore the diredlion AH bife£ls the angle BAN* 

Cor. 4; The lines AD, Ad, make equal angles with AR^ 
confequently the angles DAN, dAK, are equal, and the dif- 
tance AK is invariably the fame. 

Cor. c. When AK is given, ami the dirediion required, take 
AR=:AK, and through RD parallel to AB, meeting the cir^ 

4 

de in D, d, draw AD, Ad, and thefe will be the dire£bions; 

PROBLEM L 

TAe horizontal dijiance^ and the perpendibular height of the nhjeEt 
above the level of projeHion^ alfo the impetus being given, to find 
the elevations. 

EXAMPLES. 

Let the horixontal diftance be 7000, impetus 4200, and the 
Aorizontal height 744, required the dire£lions; 

As the horizontal diftance 700c =: - 3-84510 

Is to radius 90 . . ^ ^ 2 0.0c 000 

So is the height of the objed 744 - 287157 

To tangent angle of obliquity 6® 4' = - 9.02^47 

Half of which, added to 45°, makes 48^ a'. 

Ax : AK : : AC : AG, th^ is, 
7000: 7040 :. : 2100 : : 21 12. 

Pp^ A 



2^2 

As tangent 48'' a' 

Is to radius 90 

So is X impetus 2100 

To 1888 

As 21 12 
Is to 137.5 
So is radius 90 
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r 


- 


10.04607 


- 


lo.oooco 


- s •- 


3.32222 


- 


3.27615 


- 


3-32469 


. 


2.13830 


- - - 


1 0.0c 000 



To the verfed fine of 20° 48' - - 8.8 1 36 1 

Half of which added to or fubtraftcd C 58° 26' higher, 
from 48° 2', gives ^^37"^ 38 lower. 



PROBLEM II. 

Given the angles of dircElton^ cbliqtpty of the plane-i and amplitude j 

to find the impetus. 



As fincang.dAzx ? S^'' 34' — 9*^189 1 
into fine ang. BAD, 3 S^"* 22' = 9.89«69 

19.61760 

Is to the fquare of! 
the fine of BAzJ 83** ^6' = 9-99756 19.99512 

Soi9AK:=i76o - - 3.24551 

4 23-24063 

To the impetus 4198 - - 3*62303 



PROBLEM IIL 

^he angles of dire^ion^ obliquity of the planty and impetus being 

^rw/, to find the random. 

■ > 

EXAMPLE 
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EXAMPLE. 

The obliquity of the plane is 6** 4', the angles of the dire^on 

{^Ax} = {^^^ %\ *"^ impetus 4200, to find the diftaacc 
of the objefl. 



As fquare of the fine DAx 83"^ 5^'=9«997S6=i 9-995 ^^ 

Is to fine DAz X 7 3*** 34' 9.71891 
into fine BAz 3 52** 22' 9.89869 

— IQ.61760 

So is impetus 4200 - .- . - 3-62325 

23.24085 
To :J amplitude 1761 - - 3-24573 

PROBLEM IV. 

The angles of direEHon^ obliquity of the planef and amplitude ieiag 
given, to find the amplitude of any given elevation* 

EXAMPLE. 

The angle of obliquity KAx is 6^ 4', any angle of dire£lion 
37* 3^'> and its amplitude is 7040, any other angle of dire&ion 
33^ being given, to find the amplitude for that other dire£iion« 

As the fine dAz \z^^ 34'=9«7i89i 
X into fine BAd 5 5 2° 22'=9.89869 

=19.61760 

Is to the fine MAx 7 25° =9.62505 
Xinto fine MAB 3 58"* 56'=9.93276 

^ . r 1 = 195587' 

So IS nrft amplitude 7040 - 3-84757 

23.40628 
To the amplitude required 6147 3.78868 

PROBLEM 
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PROBLEM V. 

i%e impetus and obliquity being given, to find the greflteft ranimA, 

EXAMPLE. 

Let the impettisbe 4200, obliquity of the plane 6'' 4!, requi*^ 
red the greateft random*, 

As tangent 48*^ 2'^ - - - 10.04607 

Is to twice impetus 8460 ^ ^ 3.9242^ 

Sois fecant obliquity 6^ 4^ - ^ 10.00244 

■ ' p I 

13.92672 
To the greateft random 7596 • ^ 3.88065 

If to 45^ you add .half the angle of obliquity^ the fum is tho 
dire£^ion chat carries fartheft up an afcent. 

If from 45^ you fubtra£fc half the angle of obliquityi the re- 
mainder is the dire6iion which carries fartheft on a defcent. 

The greateft diftance up an afcent is equal to twice the im-« 
petusy wanting the height of the mark above the horizontal 
plane. And the greateft diftance down a defcent is equal to 
twice the impetus, together with the deprefikm of the objed 
below the horizontal line. 

In adual fervice. cafes on afcents and defcents are feldom 
attended to* 



Computation of Shot^ 

It is cuftomary to pile iron balls and (hells in horizontal rows i 
the piles are denominated according to the figure of their re- 
fpeftive bafes. The bafe is commonly an equilateral triangle, 
fquare, or rectangle. Tiiangular and fquare piles, when com- 
plete 
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plttte^ terminate in a fingle ball, and a rectangular pile in ^ 
fmgle row. The two firft, when complete, form a pyramid^ 
the laft a wedge* 

PROBLEM I. 

ToJinBthe number of balls in a friangular pile^ 

RULE. 

Put n for the number of balls in a fide of the bafe row, then 
nXn+i X »+2, gives the number of balls in the pile. 



EXAMPLE. I, 

Required the number of balls in a trismgular pilei a 0de of 
tbe bafe Ure contains 30 balls. 

30=« 
3i=»+i 



930 
32=«+a 



i860 
2790 

L ■ . 

6)29760 

4960 balls in the pile. 

Ex. a. How many balls are in a triangular pile, the fide of 
the bottom-row being 25 ? AnJ. 2925 

Ex. 3. Required the number of balls in a triangular pile> 
the fide of the bafe-row being 20. Anf, 1540. 

Ex. 4. How many balls are in a triangular pile, the bafe- 
roir being 10 ? Anf. 210. 

Ex, 
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Ex. 5". How man J balls are in a triangular pile, whofe bafe- 
tire is 4 ? AnJ. 20 

PROBLEM II. 

to find the number tf balls in a/quare pile. 

RULE. 

Put n for the" number of balls in the fide of the fquare bafe» 
then nXn+i X 217+ 1 is the number of balls in the pile. 



EXAMPLE I. 

How many balls are in a fquare pile of 30 balls to the fide of 
the bafe-row ? 

30=« 

3I=:/I+I 

930 

6l=2/l + I 

6)56730 

9455 balls in the pile* 

Ex. 2. How many balls are in a pile, the fide of th? fqua.rc 
hafc being 1 5 balls ? Anf, 1 240. 

Ex. 3. How many balls are in a fquare pile of 13 tires ? 

j^fjf. 819. 
Ex. 4. How many balls are in a fquare pile of 1 2 tires ? 

jlnf 650. 

Ex. 



GUNNERY. S97 

Ex. $• How many balls are in a fquare pile^ ^hofe bafe-rolRr 
, Gonfifts of 10 balls I An/, jl^^i 

PROBLEM m. 

VCoJini tbi numbir <f halls in a file, nviofi baft is a redangU $r 

Mong. 

RULE. 
Put / for the number of balls in the lengthy and b for Ae 
f breadthi then 3/+1 — bxbxb-^i^ will give die number of balls 

6 

in the oblong pile. 

EXAMPLE L 

How many balls are in an oblongs pilei the length of the bafe 
'Couife is 40 and breadth 20 i 

40=/ 



120 
I 

121 



lei 



2020 
21 

2020 
4040 

6)42420 

Anf. yoio balls* 



29S GUNNERY. 

El. a. How many balls ate in an oblong pile) tKe length of 
the bafe tire being 36 and breadth 24 ? Atf, 8500. 

Ex. 3 How many balls are in an oblong pile, the length of 
the bafe row is 24 and the breadth 20 ? Anf* 3710. 

Ex. 4. Required the namber of balls in an oblong pile, 
vhofe length is 1 2 and breadth 8. Anf. 348. 

PROBLEM IV. 

Jcjind the numbtr of balls in an incomplete pile* 

RULE. 

From the number in the whole pile, confidered as complete, 
fubtra£l: the number in the pile which b wanting at the top, 
(both computed by the rule for their proper form) and the re- 
mainder is the number in the broken pile. 

EXAMPLE. L 

Required the number of balls in the Incomplete triangular 
pile, one fide of the bottom courfe being 30 and the uppermoft 
courfe 21. 

To find the pile complete. To find the pile at the top. 

30 20 

930 420 

3* ^^ 



i860 840 

2790 840 

6)29760 €)924« 

400 ' 1540 
'540 

Afffn 3420 ballsr 



Ex. 
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EXAMPLE II. 
To find the number of balls in an incomplete fquare pile of 
10 tirrS) the fide at the top being 2o. 



To find the whole pile. 

29 the bafe row. > 
3» 


To find the top one. 

19 the bafe row* 
2b 


S70 
S9 


380 
39 


7830 
4350 


342* 
1 140 


^)5'330 


6)14820 


»555 
2470 


2470 


jtnf, 6085 balls* 


ft 



EXAMPLE III. 

To find the number of (hot in a re£UnguIar pile of 1 1 cour^ 
feS| the bafe being 30 by 20. 

To find the complete pile. To find the pile at top. 

30 19 

90 57 

I I 

^ 58 

20 9 

7c 49 

20 9 



1420 ^ <' 441 

21 !• 



I42Q 6)4410 

2840 — — - 

735 



6)29820 

4970 

735 



Afff. 4235 bails in the fruftum. 
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Examples m praAice. 



1. How man]f (hot are in a complete oblong pile^ whofe 
length is 32 and breadth 20 f . ^n/. 5390. 

I 

2. Required the number of (hot in a triangular pile, the fide 

of the bafe row being 42. ^nf> 13244. 

3. Required the number of (hot in a fquare pile, the fide of 
the bottom courfe being 40. jtnf. 22 140. 

4. H«w many balls in an incomplete triangular pile, the 
Cde of the bafe courfe being 40 and top 20 ? ^nf,. 10150. 

5* Required the number of balls in an incomplete triangular 
pile of 17 courfes> the Qde at top being 8. jtnf. 251 6, 

6. Required the number of (hot in an incomplete fquare pile 
of 1 7 courfes^ the fide of the bafe row being 24. jinf* 4760* 

7. How many balls are in an incomplete oblong pile, the 
|>afe being 40 by 20, and top 29 by 9 ? An/, 6i4<S* 

8. How many (hot are in a triangular pile of 21 cpurfes i 

Anf. 1771, 

^. How many in a fquare pile of 21 courfes ? Anf. 33 1 1* 

lo. How many balls in an gjblong pf 13 courfes, the Cn^e 
row at top being i % ball$ ? AnJ^ 1 82o. 
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Specific Gravitit. 



THE ftbfdttte gravity of a body is the force with which it 
tends downwards, and is always proportional to the denfity of 
the body, without any regard to its magnitude ; fo that a pound 
of cork is as heavy as a pound of gold. But the fpecific gravi- 
ty of bodies are their relative weights under the iame magni- 
tude, and are proportional to their denfity. Thus a cubic foot 
of lead is heavier than a cubic foot of fir ; for lead, being more 
dcnfe than fir, conuins a greater quantity of matter. 

'A cubic foot of water weighs looo ounces averdupoi6.*-The 
fpecific gravities of bodies, their magnitudes, and their weights, 
may be founds each from the others, by the following prob- 
lems. 

PROBLEM I. 

^0 find the Jj^^ie gravitj of a body heavwr than water ^ 

RULE. 

Find the weight of the body in air, and alfo in water^ and 
their difference is the weight loft in water. Then> 

As the weight loft in water 
Is to the weight of the body in air. 
So is the fpecific gravity of water 
To the fpecific gravity of the body* 

EXAMPLE 
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EXAMPLE I. 

A piece of brafs weighed 3 cwt. in air, and only 2 cwt % 
qrs* 14 lb* in water ^ reqmred its fpecific gravity* 

The weight in air 336 As 42 : 336 : : 1000 

The weight in water 294 1000 

Weight loft in water 42 ' 42)336000(8006 Jnf. 

000 

A piece of fteel weighed 39^ lb. in aifi and 34^ lb whea 
wdghed in water ; what is the fpecific gravity of fteel ? 

jinf 7850* 

Ex. 3* A bar of lead weighed 15 cvet* in atr» but only 13 
cwt 2 qrs. 19 lb« lof oz« in virater; required the fpecific gra- 
vity of lead. AnJ. 1 1 3 25. 

PROBLEM n. 

Tifind the fpecific gravity of a hody lighter than water m 

RULE. 

Affix to it a piece of lead, iron, or any other body heavier 
than virater, fo that they may fink together ; then weigh the 
heavier body, and the compound mafs^ each in water and 
out of water ; fubtra£t the difiPerehce of the one from the dif- 
ference of the other ; then fay^ 

As the Itft remainder 

Is to the fpecific gravity of water. 

So is the weight of the light body in air 

To its fpecific gravity. 

EXAMPLE 
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EXAMPLE L 



A fuecc of afti weighs 20 lb. in air, to which is affixed a piece 
bf copper, which weighs 15 lb. in air, and l3f lb. in water; 
this compound weighs 8f lb. in water; required the fpecific 
gravity of the afh. 

Copper. Compound* 



In air I5 
In water i3f 


In air jj 
In water 8f 


»!• 


i6^ 


* * 


*5 


As 25 : 1000 : : 20 : 




20 




25)20000 





AnJ. 800 the fpecific gravity of a(h. 

£x. 2. A piece fir weighs i cwt. 2 qrs. and a piece fteel 
being affixed which weighed 3 cwt. in air, but in water 2 cwt. 
^ qrs. iJtV lb. ; fuppofing the compound to weigh i ewt* x 
qr. 16^ lb. in water^ required the fpecific gravity of fir; 

Anf 550. 

Ex. 3. Suppofc a piece cork weighs 25 lb. in air, and that a 
piece lead, wliich weighs 100 lb. in air, and 91.17 lb. in w^ 
ter, is fixed to it ; and that the compound mafs, being immer- 
fed in water, weighs I2 lb. required the fpecific gravity c£ 
6ork. Anf. 24c. 

R t PROBLEM 



j6S SlPECtJlC GRAWrt. 



PROBLEM nt. 

Jt tmpctureeftwo -ingreditnis hang ghen, iofind the quantity of 

each. 

m 

RULfi. 

■I 

^ind the fp^ific gravity of the mixtute, and of each of the 
ingredients^ and multiply the difference of each by the othet^ 
Then fay. 

As the greateft produ<% 

Is to each of the lefs products. 

So is the weight of the compound mafs 

To the weight of each ingredient refpe£i:ively. 

EXAMPLE I. 

Suppofe a mafs of gold and filver weighs 9 lb. and that its 
fpecific gravity is X5<^i8, (the fpecific gravity of gold is 10640, 
and of filver 1 1091) required the quantity of each ingredient. 

19646 19640 1 56 1 8 

1 1091 15618 11091 

8549 4C22 4527 

I5618 1 1091 , 19640 

^■BiBaaMa M^MMMi awMM^ift* 

68392 402I igroSxJ 

8549 36198 27162 

J 1 294 40220 40743 

4274s 4022 4527 



8549 



1335^8282 



446o{$oo2 88910280 



.As 1 335 1 8282 : 44608002 : : 9 : 3 lb. filver neaily. 
133518282 ; 88910280 1:9 : 6 lb. gold* 



£t. 



Ex. 2k a miiture, whofe fpecific gravity h. 8784, is made 
of tin and coppcr^ and. weighs iil:^ lb. i the fpecific gravity of 
tin ia. 7320^ and of copper ppoo ^ how much of each ingredient ? 

jtnn J loolb. copper, 
--' 4 12 lb. tin. 

Ex. 3. A goldfmith m\xe% 18 ounces gold with alloy, and 
fi^rms a mafs of 24 ounces, whofe ^cific gravity is i8oco; 
t^e fpecific gravity of gold is 19637 i, required the. fpecific gra- 
fi^y of ^e alloy* -^p/m 



PRC»LEM IV. 



X^jini the 'Ufeight afa body from its magmtu^e^ 



RULE. 

As I cubic foot- 
I3 to the content of the b<Hl)s 
So is its fpecific gravity 
1lS> its woght^^ 



EXAMPLE L 

Itequired the- weight of » Uock of marble 6 ftet kngi ; 
hP04i4j^ an4 & Inches.thi^k 



Rra 



^oji SPECIFIC GRAvrrr, 

<i. As I : 15 : - 2700 

5 ^ Vf 

30 13500 

S 2700 



28 4 2» 

5-a ^6)405oo(253 1 (90(22(1 

32 252 8 20 

85 11 10 z 
80 8 

SO ;% 

20 
]6 



,ri(^ I ton, 2 cwt* 2 grs. 1 1 lb. 4 oz. 



Ex. 2. Required the we^ht of a log of oak 24 feet long, i: jf 
broad, and 1 foot thkk* jitf/l jfi cwt. 2 qis. 9 ib. 4 oz. 

Ex. 3. How many deals fir will a (hip of 400 ton burden 
carry, each being 16 feet long, 9 inches broad, and 6 inches, 
thick? -^^4344 V- 

Ex- 4. A ihip of 300 tons burden carries 96 flabs marble, 
each 10 feet long and 6 feet broad ; it is required to find the 
ihicknels. jinf, S.296 inches. 



PROBLEM 



SPECIFIC GRAVrrf, gd| 



PROBLEM V. 



^9 find the magnitude of bodies from their ^aghtSp 



RULE. 

Divide the weight of the body in averdupois ouncef 
by the tabular fpecific gravides^ for the number of cubic fcet» 
Or fay. 

As the fpecific gravity of the body 

Is to its weight, 

So is I cubic foot 

To the folidity in feet. 



EXAMPLE L 
How many cubic feet are in a ton weight of fir ^ - 

« 

I^x. 2. How many cubic feet are in a ton-weight of brafs ? 

Anf 4.48. 

Ex. 3. How many cubic feet in a block common ftone» 
^hofe weight is 8 too ? " Jinf. i t^i ^^^ 



& 



A Table of Specific Gravities of fever al Solids finct 

Fluids. 



"VcTy fine gold 

Standard gold 

Gmnea gold •« 

Moidore gold 

C^ick-filver 

l«ad 

mWC SbfCt . . n 

Standard ditto 

Copper - 

plate bra& 

S;teel 

Iron <- 

Caft iron 

B)ock-tia 

Speltax 

Sicad-oie 

Gkife of antinon T 

Cbpper^rc 

Sianiond 

Clear glafs «% 

White marble 

Slack (litto 

Rgck cryftat 

Gceen glafs 

Cornelian fton^ 

Common ditto 

Flint ^ . 

Hard paring ftone 

liive fulphar 



19^37 
18888 

'7793 
17 140 

14019 

21325 

11087 

»o53S 
8843 
8000 

7850 

7^45 

7425 
7321 
706? 

6800 

yns 
3400 

^707 

270c 

2658 
2620 
2568 

2520 
2542 
2460 
2000 



Brick 

Nitre 

Alabafter 

Dry ivory 

Brimftone 

Solid gunpowder 

Allam 

Sand 

Pit-coal 

Pitch 

Ebony 

Human blood 

Amber ^ 

Cows milk «• 

Sea-w«ter 

Goats milk 

Pump-water 

Sprijig-water -» 

DiftiUcd water 

Proof of fpirits 

Dryoak 

Gunpowder fhakea 

Pure fpi'itS' 

Afli - 

Crabtree 

Maple 

Elm 

Fir 

C6rk 

Aif. 



2000. 

X875 
1825 
x8oa 

1745. 
1714 

1520- 

124a. 

1150^ 

1117 

>oS4u 
1030 

vtyo 

1Q30 

looo 

999. 

993 

9.3 « 

9^S 
922 

866 

800 

600 

550 
240 



BALL&. 



I* 
I 
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SALLS AND SHELLS. 



PRCALEM I. 

^ofind the vmght ofaJbeU^ the etsternal and internal £a m tun ■ 

ieing given* 

RULE. 

MuLTiPLt the diflS^rence of the cubes of the (Uameters in 
inches by .14^ and the produfl; gives the anfver impounds 
wfarly. 



t- •* 



EXAMPLE L 

Requited the weight of an iron ifadl^ whole external and 
intamal diameters are 9^ and 7 inches. 

9.8 7 598.192 

9.8 7 .14 

784 49 2392768 

882 7 598192 



96.04 343 jAnf 83.74688 Ib» 

9.8 



•*^ 



7683a 

«643<5| 

941.192 

343 

598.191 



»*-k* 



,f 



^la BALLS JIND SHELLS. 

Ex. 2. What 18 the weight of an iron (hell, the external ah^ 
internal diameters being 13 and 9^ inches. ^/^ 197-54625 lb. 

Ex. 3. Required the weight of an iron ihell, the diameters 
being 8 and 10 inches* Anf. 68.32 lb* 

Ex. 4. Required the weight of an iron {hell, whofe diani^- 
icfs are 10-^ and 8 inches* Anf, 90.3875 lb. 

PROBLEM n. 

To find how much p9wder will fill afijdh 

RULE. 

Divide the cube of the internal diameter in inches by 57.3 \ 
the quotient giyes the pounds in powder. 

EXAMPLE L 

What weight of powder will fill a (hell whofe inteinal dia« 
meter is 7 inches ? 



7 
__7. 

49 
7 



57-3)343-o(S-986 tbt 
2865 

5650 
. 5'57 

4930 
4584 

3460 
3438 

22 



£x 
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Ex. 2. How much powder will fill a fliell whofe internal di- 
ameter is 9x inches ? Anf* 14.9152. 

Ex. 3. How much powder will fill a fliell whofe internal di- 
ameter is 8 inches ? Anf*^ ^*935 ^' 

Ex. 4« What weight of powder will fill a fliell whofe diame- 
ter is 10 inches ? Anf. 17*45 lb. 

PROBLEM in. 

Tojind thejize of ajbell to contain a given nveight of powder, 

RULE. 

Multiply the pounds of powder by 57.3 » and the cube root 
of the produ^ will be the flielFs diameter in inches. 

EXAMPLE L 

Required the diameter of a fliell that will hold 5.986 ibi 

LOGARITHMICALLLY. 

To the logarithm of 5.986 = 0*77714 
Add the logarithm of 57-3 = i •75815 

., . 3)M3S^9 

The loganthm of of 7 0.84509 ' 

Ex. 2. Required the diameter of a fliell that will hold 
14.962 lb. Anf, 9f inches. 

Ex. 3* What is the diameter of a fliell that will contain 
8.93s Jb. Anf. 8 inches. 

Ex. 4. A fliell contains dlb. powdery required its diameter. 

Anf 7 inches. 

Sd PROBLEM 



314 BALLS AND SHELLS. 

PROBLEM IV. 

To find the diameter of an iron ball f rem its weight* 

RULE. 

An iron ball of 4 inches diameter weighs 9 lb. and fimilar 
folids are in the triplicaie rate of their homologous Gdes \ tliere- 
fore, if d is the diameter and nv the weight, 

3 3 

As 9 : 64 : : w : i/ and\/rf* = d the diameter. 

EXAMPLE L 

Required the diameter of an iron ball whofe weight is 42 
lb. 

9 : 64 : : 42 

168 

252 



9)2688 



298.6 the cube root of which is 6.684 inches. 

Ex. 2. What is the diameter of an iron ball whofe weight is 
52 lb. ? Anf 7.1 777 inches* 

Ex. 3. Required the diameter of an iron ball whofe weight 
is 36 lb. Anf, 0.3496 inches. 

£x. 4* Required the diameter of an iron bail whofe weight 
is .1 2 lb. Anf 4*403 inches. 



PROBLEM 
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PROBLEM V. 

To find the weight of an ironjbot, its diameter being given. 

RULE. 

' As 64 : 9 : : i/' \ w. 
N. B. </and nv are the fame as in prob. 4. 

» ■ 

EXAMPLE L 

Required the weight of a ball whofe diameter is 6^ inches. 

3 

64 : 9 : : 6.5 : 

64 : 9 : : 274.625 : 

9 

64)2471.625(38.619 • 

55' 

111 

396 
384 

122 
• , 64 



f 



57^ 



Ex. 2. Required the weight of an iron ball whofe diameter 
is 5-0397 inches- -^^f^^ 18 lb. 

Ex. 3. "What is the weight of a ball whofe diameter is 
6.3496 inches ? Anf 36 lb. 

S s 2 Required 



3 16 BAI^LS AND SHELLS. 

I 

Required the weight of an iron (hot whofc diameter ia 
2.4228 inches. jlrtf. 2 lb* 



PROBLEM VI. 



T[ojind the caliber of a gun to anfwer a ball of a given nvcight. 



RULE, 

To the diameter \i\ inches add one-twentieth of the fi^me, 
and the fum gives the caliber for Engiiih guns* 



EXAMPLE. I. 

Required the caliper of a 42 pounder. 

The diameter of a ball of 42 lb. is 6.684 

J34 

7.018 

Ex. 2. Required the caliber of a 32 pounder, jitf 6.410. 
Ex. 3. Required the caliber of a 1 2 pounder. Jiff 4.623. 
Ex. 4. Required the caliu^er of a 24 pounder. jtrt/^g.Si/^. 

It is cuflomary in Dritain to allow one-twentieth part more 
for the diameter of the bore than for the diameter of the fhot ; 
i. e» the diameter of the bore is to that of the ihot in the pro- 
portion of 2 I to 2C. 



C 3»7 3 
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3 i 8 BALLS AND SHELLS. 



PROBLEM VU. 

a 

Tofind how many pounds rf gunpowder will fill a rellangular lox. 

RULE. 

Divide the fc^dity of the1>ox in inchesi by 30^ and the quo- 
tient will give the number of pounds* 

EXAMPLE I. 

How much powder will a box contain, whofe length is 16 
inches, breadth 10, and depth 9 inches? 

16 
10 

160 
9 



30 ) '440 
-Anf. 46 lb. 

£x. 2. How much powder will a cubical box contain whofe 
depth is 12 inches ? Anf. 574- lb. 

Ex. 3. What quantity of powder will fill a box 15 inches 
longi 12 broad, and 8 inches deep ? ApJ. 46 lb> 

PROBLEM VIU. 

To find the fide of a cubical box thatjhall contain a given weight of 

powder* 



RULE, 



BALLS AND SHELLS. 31^ 



RULE. 

r 

Multiply the weight in pounds by y^, and the cube root of 
the product will give the Cde of the box in inches. 

EXAMPLE!. 

Required the fide of a' cubical box that ifaall contain 57J- lb. 
powder. 



1728.0(12 li> 
I. 



300 728 

60 

364X2= )728 



£x* 2. Required the fide of a cubical box to contain 900 Ik 
powder* Ar^. 30 inches 

Ex. 3« Required the fide of a cubical box to contain 112^ 
lb. gunpowder. jtnfi 15 inches. 

PROBLEM IX. 

7oJind vihat quantity of powder nvillfill a given cylinder. 

RULE. 

Multiply the fquare of the diameter by the lengthi and di^ 
Tide the product by 38.197 for the pounds of powder. 

EXAMPLE 



3M 



BALLS AND SHELLS. 



EXAMPLE! 



How many pounds powder will fill a cylinder whofe diame- 
ter is 8 inches and the length lo inches. 



8 
8 

64 

10 



38.197)640.000(16.75 lb. 
38^97 

258030 
229182 

288480 
^67379 

2II0fO 
I9C975 



10035 



Ex. 2. How much powder will filKa cylinder whofe diame- 
ter is lo inches and length i6 inches ? -AnJ. 

Ex. 3* Required the weight neceilary to (ill a cylinder of % 
ipches diameter and 20 in length* Anf. 



Diameters 
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GAUGING. 



\ 



X HE art of Gauging is that part of the Mathematics tailed 
Stereometry^ or the mcafuring of Solids, becaufe the capacity of 
all veflels ufed for liquids, &c. are computed as if they were 
real folids And fince the contents of all forts of vefiels, that 
come under the confideration of the gauger, are computed by 
the ftandard gallon or bufliel of its kind, whofe content is 
known to be a certain number of cubic inches, all dimenfiona 
ufed in gauging fhould therefore be taken in inches and deci- 
mal parts of an inch. 

The common wine gallon fealed at Guild-hall in London, 
contains 23 1 cubic inches : It is ufed for meafuring all wines, 
brandy, fpirits, ftrong waters, mead, perry, cyder, vinegar, oil, 
honey, &c« — ^from which ftandard gallon the following table is 
computed. 



7 able rf W^ne meafure^ 



Cubic 
iBches. 


OalL 




231 


1 

4a 


Tierce 


- 




9702 


t 


Hogih 






MSS3 


63 

84 


li 


1 Puncheon 




19404 


2 
3 


't 


I 


Pipe. 


1 


29106 


126 


2 


If 


I 


Tun. 


58212 


2i^2 


1 
'S ' 4 3 '2 


I 



GaUons* 

18 = I Runlet. 
3i-J=: I Wine or 
vinegar barrel 



T t 



The 
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The gallon, whether beer or ale, contains 282 cubic inches t 
From thence the following tables arc computed. 

I. ji/e meafure. 

Cuhic inches, , 

282= I gall. Ntyte. A firkin of foap and 

> ~ ~r, , . of herrings are the fame 

2256= 8= i^rkm. ^i^h that of ale. 

4512=16=2=1 kilderkin. *• 

9024=32=4=2=1 barrel. 
J3S36=48=6=3=1t=i hogfiiead. 

2. Beer meafure* 

Cuhit hibet, 

282= I gallon. 

2538= 9=1 firkin. 

5076=18=2=1 kilderkin. 
^0I52=36=4=2=I barrel. 
15228=54=6=3=11=1 hogfliead. 

This diftinflion between beer and ale meafurc is attended to 
in London, Edinburgh, &c* ; but in many country places, both 
in England and Scotland, the following table is ufed, whether 
it be fmall or ftrong. 

Cubic iitcbts, 

282= I gallon^ 

2397= 84-= I firkin. 

4794=17 =2=1 kilderkin, 

9588=34 =4=2=1 barrel. 

14382=51 =6=3=ii.hog(head. 

The 
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The ftandard Wlnchcftcr bufliel • contains 215042 cubic 
inche8> confequently the gallon muft be 268.8 cubic inches : 
Hence the following table of 

Dry tn^afure. 

268*8= I eallon. Note* 4 bu(hels=a coomb, 

■ 10 quarter3:=a wey, and 

537.6= 2= I peck. J 2 weys=a laft of corn- 

2150.4= 8= 4=1 buihel. 
17203.2=64=32=8=1 quarter. 

In gauging. All fuperficies or areas are tjvderftood t be i 
inch deep, otherwife it could not be faid (as in the gaugef's 
language it is) that the area of any fquarcj circle, &c. is fo ma- 
ny gallons. 

Moft of the following problems are fuch as have been alrea- 
dy propofed in the former part of this treatifcj and are only 
here applied to praflice, 

PROBLEM 1. 

J^ofind divifors, . multipliers, and gauge'-foints, with their ufes* 

282 . cubic inches make i ale gallon. 
23 1 cubic inches make i wine gallon. 
268 8 cubic inches make i corn gallon. 
2150.42 cubic inches make i corn or malt buihel. 



* A cylindric bufhel, 18 on^hilf inches dt«neter» and 8 inches deep, \% e« 
fieemed a legal Winchefter bufhel, according to the ftandard in his Majeftj's 
Eichequer, fettled by a<ft of Parliament in the year 1697. 

T t 2 RULE. 
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RULE. 

Divide I by thefe numbers, and the quotient will give equU 

valent multipliers, and theii fquare roots will be the gauges 
points *, 

Table I. Fqr right4medfurfaces. 

Divifors. Multipliers. Gauge-points. 



a82 A. G. 
?3f W.G. 
268.8 C. G. 

2150.42 M; B. 



.€03546 A. G. 
.004329 W. G. 
.©037202 C. G. 



16.79 'A* G. 
15.19 W.G, 
16.39 C. G 



.00046(0 M. B. 46.37 M. B« 



PROBLEM IL 



fo find the i^rea ofanj reBangular tun^ hach^ pr cmder^ tsfc^ in (tk^ 

wine gallons 9 and malt bujbeh* 

RULE. 

Multiply the length by the breadth, (both being in inches) 
and divide the produ£t by the divifors, or multiply it by th^ 
fnultipliers in Table L the refult will be ale gallons, wine gair 
}onsj com gallons, or malt bufhels* 

EXAMPLE L 

Required the area of a fquare coder, whofe fide i$ 1241* 
}ncheS| in ale, wine^ corn gallons, and malt bufliels. 

184-5 



t Qau^-pointB are the fides of fquare« whole area ti x gaDon, i l^nfliel, S^ 



GAUOINC;. 



3^ 



i24,sXi^4-J = 15500.25 



Firft by diviCon, 

aSz) 1 5500.25(54.96 A.G. 

231)1 5500.25(76. 1 o WG. 

268-8)15500.25(57.66 C.G. 

250*42)1 5500.25(7.209 M.B. 



then by multiplication. 

15500.25 X. 003546=54.96 A. G 
15500.25 X cc4329=76.io W.G 
15500.25 X. 0037202=57.66 CG 
15500.25 X.ooo465o= 7«209MB 



Thefe areas, being multiplied by the depth, produce the con- 
tent of the whole veflel. 

Ex. 2. A^elTel in the form of a te£tatigle, 232 inches in 
length and 64 in breadth, what is its area in ale> wine, com 
gallons, and malt bu(hels ? 

jfnf. 52.652 ale gallons, 64.277 witoe gallons, 55.238 
corn gallons, and 6.904 malt bufliels. 
Ex 3. Suppofe the length of a brewer's tun, back, or cool- 
er, be 2 1 7^ inches, and its breadth 85-^ inohes* required its a- 
rea in beer, wine, com gallons, and malt buihels. 

jtft/» 66.014 ale gallons, 80.59 wine gallons, <$9.o2 com 
gallons, and 8.6 malt buihels. 
Ex. 4 Required the area of a fquare back, whofe fide is 30 
inches, in ale, wine gallons, and malt bufhels* 

^fj/. 3.19 ale gallons, 3.89 wine ^Uonsj and .418 malt 
bufliels. 

By the Aiding rule. 

Set the diyifor upon B to the fide of the fquare on A, and a- 
gainft the fide of the fquare on B you have the content on A, 
in ale, wine, com gallons, or in malt buihels, in temis of die 
divifor. 

K the tun, back, i&c. be a redangular oblong, fet the pro- 
per divifor on B to the breadth on A> then againft the kngth 
pa B is the content on A, as abd?e« 

PROBLEM 
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PROBLEM III. 

To find diviforSi multipliers^ and gauge^poiuts for circular areas* 

RULE. 

'Divide a82, 231, 268.8, and 2150.42 *, by .7854, (the area 
of a circle whofe diameter is i) and the quots will be a fet of 
divifors ; and divide .7854 by the fame numbers, the quot will 
give a fet of multipliers as exhibited in the following table. 
Alfo the fquare roots of thefe divifors will give their refpe£tive 
gauge-points f , 

Table II. For circular areas* 



Divifors. 



359 <>5 
294. 1 2 

341-^4 
^737- 



A. G. 
W,G. 
C. G. 

M.B. 



Multipliers* ' Gauge-points. 



.00278 A. .G 

.0034 W. G. 

•00292 C. G. 

.000365 M. B. 



f8.95 A. G. 

17.15 W.G. 

58.5 C. G. 

22.32 M. B. 



PROBLEM IV. 

To find the area of a drcle in ale, wine, corn gallons^ and malt 

bu/belf* 

RULE, 



* In pnAtce, the decimal part is ncglcdled, azjo being reckoned fvfEcienc. 
I7 accurate : We (hall therefore only ufe the integer ior the future. The fame 
is to be obfenred of the dirifors in the preceding table. 



f The gauge-point for circuhr areaa is the diameter of a cirde whoie aieai, 
at X inch deep, is i gallon, x bofliel, &c 
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RULE. 

■ 

Divide the fquare of the diameter by the divifors, or multijdy 
the fame fquare by the multipliers, the refult will be the area 
in ale, wine, com gallons, or malt bufhels. 

EXAMPLE L 

Required the area of a circle, whofe diameter is 80 inches, 
in ale, wine gallons, and malt bufhels^ 

8aX8o = 6400* 

Firft by divifion, then by multiplication^ 

359)6400(17.827 A. G. 6400 X .00278=17.792 A. G. 
294)6400(21.768 W. G. 6400 X .0034=21.76 W. G. 
2737)64ct>( 2.238 M« B. 6400 X. 000365=2.336 M. B« 

m 

Ex. 2. Required the area of an ellipfe, whofe diameters are 
173-^ and 90, in ale, wine gallons, and malt bufhels. 

'73tX9o = 15600, 
This may be reckoned as the fquare of the diameter in circular 
furfaces. 

Firft by divifion, then by multiplication. 



359)15600(43.4 A. G. 
294)1 5600(53.06 W. G. 

^737)»*S6o<^(S-7 M. G. 



15600X00278 =43-4 A. G. 
15600 y 0034 =53«o W. G. 
15600x000365=5.7 M. B. 



Required the area of a circular back, whofe diameter is 50 
inches, in ale, wine gallons, and malt bufliels. 

An/. 6.95 ale gallons, 8.5 wine gallons, and .91 malt 

bulhels. 

By 



328 GAUGING. 



By the (lidixig rule. 



. Set the diviibr upon B to the diameter on A, and againft the 
^ameter on B is the area on A* 



Superficies having already been fo largely treated of, it will 
perhaps be thought needlefs to give rules for^ach particular fi- 
gure. I 

In general, the area of any back, tun, or cooler, or of any o- 
ther veflcl, may be obtained thus : — ^Find the area of its bot- 
tom or top* by the rule for its proper form, and divide this area 
(in fquare inches) by the divifors, or multipiy by the multipli- 
ers in Table I. of right-lined fur/aces, and the refult will be the 
areas in ale, wine, corn gallons, or malt bufhels* 

But when the vefTel is of a polygonous form, the following 
method is one of the mod pradical : — Divide it into triangles, 
by the help of a chalk'd line, fuch as carpenters ufe, by ftriking 
diagonals : And, having found the diagonals, the perpendicu- 
lars may be afcertained thus : — ^Fix one end of the chalk'4 Hn^ 
in one of the angles ; move it io and fra upon the ftretch till 
you find the neareft diftance from the angle to the fide which 
fubtends it, t!iere ftrike a iine. In like manner find the other 
perpendiculars ^ then, by a fcale of inches and decimals of an 
inch, meafure the perpendiculars^ and the diagonals or fides on 
which they fall. Compute the area of each triangle feparately, 
and divide or multiply their fum as above, for gallons and bufli- 
els refpeSively. 

Examples 



* The veflcl is here fuppofed to be of eqnal width from top to bottom. 
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EXAMPLE L 

How many ale, wioe gallons^ and maU buikds are m the a- 
fea of a rhombus, whofe fide i& 60 inches, and perpendicular 
breadth 56 inches ? 

Atif. 10.63 ^'^ gsUonsi 12. 98 wine gaHoos, and 1.39; 
malt bufhels* 
Ex. 2. How many ale, wine gallons, and malt bufhels are in 
the area of a re£langle, whofe length is 96 inches, and breadth 
50 inches ? 

Anf* 17.02 ale gallons, 20.779 wine, gallons^ and 2.23 
malt bu(hels« 
Ex. 3. How many ak, wine gallons, and matt bufhels are in 
the area of a rhombus,^ whole length is 120 inches^ and perpen* 
dlcular breadth 100 inches I 

Anf. 42.55 ale gallon3, 51*948 wine gallons, and 5.58 
malt bufhels. 
Ex. 4* How many ale, wine gallons, and malt bufhels are in 
the area of a triangle, whofe three fides are 80., loo^ and 60 
inches? 

^^ 8.51 ale gallons, 10.389 wine gallons, and i.itd 
malt bufhels. 
Ex. 5. How many ale, wine gallons, and^ malt bufhels are ia 
the area of a triangle, whofe bafe is 25 inches, and perpendicur 
1^ 24 inches ? 

AnJ. 1.0638 ale gallons, 1*2987 wine gallons, and .1395 
malt bufhels... 
Ex. 6. How many ale, wine gallons^ and malt bufhels are in 
the area of a trapezoid, whofe parallel fides are 120 and 8g 
inchc», and their perpendicular diflance 50 inches ? 

AnJ. 17.73, ale gallons, 21.645 wine gallons, and 2.325 

n^alt^bufheb. 

Hu. Ex. 
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Ex. 7. Hew many ale, wine gallons, and malt bulhels aveiK 
the area ol a trapezium, whofe diagonal is 1 75 inches, and perr 
pendiculars falling upon it, from the oppofite angles, 80 an^ 
lao inches? 

jdnf. 62.056 ale gallons, 75«757 wine gallons, find 8.13 
malt bufhels* 
£x. 8. How many ale, wine gallons, and malt bufiiels are m 
thip area of a pentagon, whofe fide is 20 inches ? 

Anf. 2*44 ale gallons, 2.j^8 wine gallons, and .32 mak 
buihcls. 
Ex. 9. How many ale, wine gallons, and malt buihels are in 
a hexagon, whofe fide is 20 inches ? 

jf/tf* 3-686 ale gallons, 4-4918 wine gallons, and •4833 
malt bufliels. 
Ex. to* How many ale, wine gallons, and malt buihels are 
in a circle whofe diameter is 40 inches ? 

jinf. 4.456 ale gallons> 5.44 wine gallons, and .584 
malt bufliels. 
Ex. II. How many ale, wine gallons, and malt bufliels are 
in a fegmcnt of a circle, whofe diameter is 60 inches, 2nd 
height of the fpgment 10 inches ? 

jin/. 1.449 ale gallons, 1*769 wine gallons, and .19 mak 
bufliel^ 
Ex. 12. How many ale, wine gallons, and malt bufliels are 
in the ftdor of a circle, when the arch is 60 inches and radius 
50 inches ' 

^^5.319 ale gallons, 6.493 ^^^ gallons, and .697 
malt bufliels. 
Ex. i^. How many ale, wine gallons, and malt bufliels ar« 
in an ellipfei whofe tranfveefe and conjugate diameters are 40 
and 30 inches ? 

jtnf. 3.341 ale gallons^ 4.08 wine gallons, and. .43$ 
malt bv^fliels* 
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Ex. t4* Hcrv many ale, wine galldns, and ihalt bulhels are 
in an elliptic fegment, cut off at the diftance of 36 from the 
imtre, the axis being 120 and 40 inches ? 

Anf. f .903 ale gallons^ 2.323 wine gtallbitSi and .249 
inalt buiheb^ 

Thefe examples are fo eflentially neceBary to the ^ri&ciXA of 
^uging, that an officer in the excife ought not to be fatisfied 
With lefs than the very principles on which they are performed^ 
ykiott, he venture upon the following part of gauging. 



PROBLEM IV- 

to find the extent of nn, cube, paralkiopiped, pri/m, or of tie 
Cylinder f in ale, v/ine gallons', and malt hi/bek* 

RULE I. 

Find the area of thft bafe in ale, wine gallons, or ftialt bu^^ 
tls,, and multiply that area by the height, or d/epth } the pro- 
dn€t will give the content in ale gallons, &c. 

Rule 2. Find the folid content, (in inches) as taught in 
t^rob. II. IV. offolidSfZnd this content, divided by the divifors, 
br multiplied by the multipliers in Table L will give the con* 
fent in alej wine gallons, &c. 



EXAMPLfi L 



itow many ale, wme galloifs« aiid malt bufhels will a ve^l» 
in the form of a parallelopipedon, contain^ the length being 60 
itv:he8| breadth 50^ and depth 3d inches I 

* 
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By RuLfi L 

60x5033000 

182)3600(16.53 A. G 10.63 X 36^:382.68 A. G. 

231)3000(12.98 W.O. 1S.98 X 36=467.28 W. O. 

3150)3000(1*395 M. B* 1-395X36=50.22 M. B. 

B7 Rule II. 

60x50X36=108^0 

I82) 1 08000(38 2.97 Content in ak gallons. 
23 1 ) 1 08000(467.54 Content in wine gallons* 
ai5o)io8oo<^ 50*23 Content in malt bulhelf. 

And fo of the reft* 

The fmall differeiice in the anfwers is not to be imputed to 
my defe& in either of the [preceding rules ; for if the quots art 
extended to*a few more decimal places^ the anfwers will agree to 
die greateft, nicety* In pn£lice, however, it b cuftomary to 
add I to the integral part of the anfwer, when the decimal 
exceeds .5) and to negle£l it when lefs. The fame is to be Ob-* 
ferved of the fdlowipg examples* 

EXAMPLK It 

Kequired the content of a cubical veflel in ale, wine gallons^ 
and malt buihels, the fide being 20 inches* 

Anf 28 ale gallons, 35 wine gallons, and 4 riialt bufliels* 

Ex. 3. How many ale, wine gallons, will a cylinder eon-* 

fain whofe diameter is 25 inches and depth 20 ? 

Anf. 35 ^1^ gallons, and 42 wine gallons. 

. Ex. 4* How many bufhels malt will a veflel contain whof<; 

baie is a redtangle of 50 inches by 407^ and depth 40 inches ? 

Anf., 38* 
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Bx. $• Required the content of t triangular ptKm, whoi!s 
length is 18 inchesi and one of the fides 25 inches, and per^ 
liendicular 16 inches^ in ale, wine gallons. 

jinf, 13 ale gallons and 15 wine gallons. 
Ex. 6. A cylinder, whofe diameter is 72 inches and depth 
48 ; it is required to find its content in ale and wine gallons* 

Anf 693 ale gallons and 846 wine gallons* 
Ex. 7. How many ale, wine gallons, and mak bufliels will 
t cylinder contain, whofe diameter is 564- inches, and height 
j^ inches ? 

^pf* '54 ^c gallons, 1042 wine gallons, and 112 malt 
buihels. 
Ex. 8. A parallelopipedon is 40 inches long, 20 broad, and , 
15 inches deep ; required its content in ale, wine gallons, and 
nudt bufhels. 

An/. 43 ale gallons, 52 wine gallons^ and 6 malt bufhels* 



PROBLEM V. 

To fini the content of any pyramid^ or of the cone, in ale, vnne 

gallons, and malt hufljels. 

RULfi. 

Compute the folidity of the cone or pyramid, in cubic inch* 
es, by Problem VI. offoUds, then divide this folidity by the di* 
Tifors, or multiply by the multipliers, and the refult will give 

the gallons or bufhels required. 

EXAMPLE L 

How many ale, wine gallons^ and malt bufhels will a cont- 

cal 
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9 

tA Tcflcl contain, wliofe bale diameter b 40 indies^ and 
tilde io inc&es? 

jlnf. 8<>.i36 ak gailmiSy 108.843 wine gallotis, and 
1 1.68 malt bnlhels* 
Ei. 2. How mailj ale, wine gallons* will a Teflel, in the 
form of a pentagonal pyramid* contain, the fide of whole bafe 
i$ 90 indies, and perpendicular depth 140 inches ? 

Anf. 2306.1 ale gallons and 2815.2 wine gallons. 
Ex* 3. Required the content of a fqoare pyramid, n^ofe 
fide is 40 inches, and height 60 inches, in ale, wine gallons^ 
tod malt bafliels ? 

jinf. 1 13-47 ale gallons, 138*52 wine gallons, and 14.88^ 
malt bttlhels ? 

PROBLEM Vt 

^ojind the amUnt of the frujium of a amcy or anjpjramidy in attf 

nvine" gallons^ and malt bti/kels* 

RULEi. 

For the conf.'-^ Add the fquare of the two diameters to their 
^rodu£b, multiply the fum by .7854, aiid again by -f the 
iieight ; then divide or multiply as in Table L for gallons of 
bttiheisi as required. 

RULE IL 

For the pyramid^-^Add into one fum the area of both ends, 
and the mean proportional between them ; multiply the fum by 
f the height, and the produ£i is the content in cubic inches ; 
%hich divided or multiplied by the divifors or multipliers in 
TaUt L gives the content in ale, wine gallons, &c; 

tXAMPLE 
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EXAMPLE I. 

A veflel> whofe bafes are rectangles, the greator bafe ioq 
inches by 70 incheS) the lefler bafe 80 by 56 inches^ and depth 
42 i required the content in ale/ wine gallons^ and malt Buflb- 

da. 

^nf. 847.9 ale g^UonSj 1035. i winegallpnsi and iii.z 

malt b^HiQl^. 
Ex. 2. Required the content of the lower fir^ftum of a cone^ 
the greater bafe diameter being 38 inches, the lefs 20^, and 
depth 21, in ale ga^pns. jtf{f. 51 ale gallons. 

Ex. 3r A fruftum of a cone, whofe dtaiqeters are 56.5 inch- 
es and 19 inches, and the height 62 inches, required the coo^ 
|cnt in ale, wine g?.llon£, and malt bufliels. 

jinf, 266.3 ale gallons, 3^5*1 wine gallons^ and 34*9^ 
malt buihels. 

PROBLEM VII. 

Ji/ divifors fir ak, tt^me, and malt fir a cylinder being given^ t$ 
find a (Uvtforfir any of the fillowing filids \ namely, the ghlff^ 
Jpheroid^ parabolic conoid^ hyperbolic conoid^ parabolic fpindle^ and 

RULE •. 
Find what part ea<;h i$ of the circumfcribing cylinder ; thei| 

fey, 



* The globe is f of the circumfcribing cylinder-^the fphc- 
f Old 4- — the parabolic conoid -J- — ^the hyperbolic conoid 
Ibe parabolic fpindle ^^ — and the cone f . 
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As the numerator 

Is %o the denominator. 

So is the ale, wine, and malt divi&rs of a cylinder^ 

To the like divifors for the figures required. 

EXAMPLE I. 

Required ale, wine, and malt divifors for the cone, thofe of 
the cylinders being 359-05 for ale, ,294.12 for wine, and 
^7^7.47 for malt. 

As I : 3 : : 359*05 : 1077.15 ale divifors 
1:3:: 294.12 : 882.36 wine divifors^ 
X : 3: : 2737.47 : 8212.41 malt divifors* 

And (o on for the xctU 

t 

EXAMPLE n. 

A cone, whofe diameter is 40 inches, and al^tude 6oy ic* ^ 
quired its content in ale, wine gallons, and malt bufhels. 

40 X 40 X 60 = 9600.0 

1077 15^96000(89.1 ale gallons 
882.36)96000(1 08.8 wine gallons., 
821 2.41)96000^1 1.69. nialt bufhels. 

I flial! infill no farther on thefe examples at large, becaufe 
^vliat is here fhcwn of the cone is fufficJient to inform the mean- 
eit capacity how to proceed with the other folids mentioned in 
^he problem-, but (hall only offer a few {>ra£):ical exercU 
fes. 

EXAMPLE. I. 

*^ 9qw many ale^ wine gallonsi and malt bufliels will a veflel^ 

in. 
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in the form of a fpheroid, contain^ ^hofe fixed axis is loo^ and 

revolving 60 inches ? 

Anf. 66^.4 ale gallonsi 816.4 wine gallons; and Sy.d 

malt bufhels. 

Ex. 2* Required the content of the patabolic conoid in ale 

and wine gallons^ the height being 30^ and diameter of its bafe 

ao. 

Anf. i6-7 ale gallons^ and 20.4 wine gallons. 

Ex. 3. Required the content of the hyperbolic conoid, the 

bafe being 1 00 inches, and altitude 60 inches. 

Anf. 696.2 ale gallons, and 856 wine gallon's. 

Ex. 4* Required the content of a parabolic fpindle whofc 

length is 60 inches^ and greateft diameter is 64, in ale and wine 

gallons. 

'^^f' 103.02 ale gallons, and 125.7 wine gallons: 



Inching Tuns and Coolers. 

The pra£lical method of gauging any fixed tiin of copper; 
and of making a table to (hew what it Will hold at every inch 
deep. 

Firft, You muft know that moft (if not all) brewers tuns 
are fo fixed as to lean a little, for conveniency of cleanfmg their 
drink, which is ufually called the drip^ or full of the tun. Now, 
the drip, or fall^ is the hoof of fuch a folid as the* tun is fuppo- 
fed to reprcfcnt. . The beft and readied way is to m-aftire into 

X X the 
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the tttUy when diy, fo much water as will juft cover the hot* 
torn ; for by this means a level > is obtained, by the help o( 
which it will be eafy to afcertain how far up the furface of the 
liquor will reach when the tun is full. 

Then find the content of that part between the furfece of the 
drip and the furface of the liquor when the tun is full ; to 
which add the drip or fall, and the fum will be the content of 
the tun. 

Next, divide the difference of the head and bottom diameters 

by the depth, and the quotient is a common addend for i inch 

from top to bottom, by which you may find the diameter in 

the middle of every lo inches of the depth. 

. Example. Let the bottom diameter of a conical vcflel be 

98 inches, top diameter 80, and depth 40 inches ; it is requi* 
red to find how much it will hold upon every inch, and to ta« 

ble the fame. 

Bottom diameter 98 And 

Top diameter 80 40) 1 8.oo(.45 the addend* 

Now, 5, 15, 25, and 35 are the inches which fall in the mid* 
dle of every 10 inches ; if thefe numbers be multiplied by the 
addend, the produ£^s will (hew how much ought to be added 
to the diameters at thofe depths. Thus, 

.45 -45 .45 «45 

S JS_ J£ JS 

2.2s 6.^s II.2S 15.75 



80 
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4 

80 top diameter. 
2.2c 

Gall. B. F. GtU. 

82.25 diameter at 5 inches deep, its area is 18.84=20 2 x.84 
80 lop diameter* 

86.75 diameter at 1 5 inches deep, its area is 20.96=0 2 3.96 

80 top diameter. 
11.25 

91.25 diameter at 25 inches deep^ its area is 23.19=0 2 6.29 

8c top diameter. 

»5'75 

95.75 diameter at 35 inches deep, its area is 25.53=0 3 0.03 

The fum of thefe areas are 88.52 

which, multiplied by 10, gives 885.2 gaU 
Ions, the content of the tun. 

Now, 18.84 gallons^ which is o bar 2 fir. 1.84 gall, is the 
common area to the firft 10 inches; and, for the next 10 
inches, 20.96 gall, which is o bar. 2 fir* 3*96. And fo on for 
the reft.— —The operation will be as follows. 



/ 



X X 2 Whole 
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Whole content* 

B. f. Ga(l. B. 
26 p 1.20 18 
2 1.84 
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Vifluaners, who brew but little at a brewing, generally 
cool their worts in tubs. In order to afcertain tlie quantity of 
worts, the gauger ought to have the area of each tub marked 
upon it, otherwife to number the tubs, and enter the number 
and area of each tub in his ftocH-book. 

PROBLEM VIIL Fig. u 

7i gauge a copper nvith a riftng croivti^ and mate all^^vaftce for 

the fame, 

RULK 

Take a fmall cord and let it reprefcnt the diameter of the 
head, and, by a plumb-line, find Ee, Gg, the greateft and Icaft 
depths of the copper. Note Ae, Find the content of CDFE, 
confidered as the fruftum of a cone -, then find the content of 
the crown, being reckoned a fphcricai fcgment ; fubtrafl: the 
latter from the former, and the remainder will fhew the quan- 
tity of liquor nccefliry to cover the crown. 

Then find the content of the copper from the crown up- 
wards, take the diameter of every 4, 6, or 10 inches*, and 
infert them, together with their correfponding areas (in barrels, 

firkins, and gallons) in a table ; then multiply each of tliefe a- 
reas by their diftance, and the fum of the produQs will be the 
content after the crown Is covered. 

A very good and ready method to find how much liquor will 
cover the crown, is, to mcafure in as much water as will juft 
cover it. 

EXAMPLE. 



* The more curved the fiJcs of the copper arc, the more mean diameters 
and areas you ou^ht to take* 
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EXAMPLE, 

puppofc the figure ABFE to reprcfent a copper, and ExFgE 
its rifmg crown, AB^po, CD=82, Ae=5, it is plain that 



"^ 



AB — I X Ae=9o — io=EF, Ee=30, and Gg=27, confequcnt^ 

To cover the crown. 

In the con- CPFE, the diameter! Oall. B F. Gal!. 
CD=82, EF-80, and gx=3, its con- ^ 54-782 = i 2 3.77S 
tent in gallons, 8ic. is \ 

The bafe diameter 80, and height!" 
of the crown 3, its content in ale > 26.737 = o 3 1*235 
gallons, &c. will be j 

The liquor that will cover the crown ■ ^ ■ ■ 

is - ... - 28.945=0 3 2.543 

The crown being thus covered, it now remains to find the 
content of the copper- from the crown upwards, the depth being 
27 inches. In order to this, take the diameter in the middle 
of every 10 inches from the top, and infert each againft the 
parts of the depth, as in the following table. Find the area of 
each in ale gallons, bj Problem IV. and infert thefe areas, each 
againft its correfponding diameter, as in column third ; alfo. 
the contents of the feveral parts of the depth are placed in the 
fourth column. And thefe contents, being reduced to barrels^ 
firkins, gallons, are iaferted in the laft columOi as foUpwst 



Fari» 
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Pai cs of 
depth. 


Diameter. 


Area. 


In Gall. 


Content in , 
B. F. Gall. 


lO 
lO 

T 
3 


b8. 
To cover 


21.568 
20.36 
1 8.956 

the crown. 


215.68 

03.6 
132.692 

28.045 


6 I 3.18 
5 3 8.10 

3 3 5->9 
.3 2.54 


Content o: 


Fthecoppcr 


I 580.027 117 2.01 



The content being thus found, you ihay proceed to tncK the 
copper by the fame diredlions which were girea for inching 
tuns in laft problem* 



Cask-gauging* 

Cask-gauging is the rooft difficult part of the art : This 
difficulty aiifes from the variety of curves which veilels may 
be compofed of. It is alfo the mod imperfefli and ever will 
be ; becaufe no calk can be made in fuch (Irick conformity to 
the folid it reprcfcnts, as by the rules of art it is required to be. 
Gangers have reduced ail kinds of calks to four forms^ or 
varieties^ 

Variety I. The middle fruftum of a fpheroid — Fig* 2. 
Variety II. The middle fruftum of a parabolic fpindle — Fig. 3. 
Variety III. The middle fruftun^s of two parabolicc onoid$-^ 
Fig. 4. 

Variety IV. The middle f ruftums of two cones— -fli^. }• 
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PROBLEM IX. 

iLoJind the content of a cqfli» 

RULE L 

Por Variety I. To the fquare of the head diameter add twice 
the fquare of the bung diameter, then multiply the fum by the 
lengthy and divide the produft by 1077 for ale gallons* and by 
882 for wine gallons. 

« • 

RULE II. 

For Variety 11. To 9 times the fquare of the bung diameter 
add 6 times the fquare of the heald diameter, then multiply ^ 
the fum by the length; divide the produ£i:> as above^ for ale 
and wine gallons* 

kULE lit 

I 

Por variety III. To the fum and half fum of the fquares of 
the head and bung diameters* add V7 of the difference of their 
fquares, then multiply the fum by the length, and divide the pro* 
AuOiy ais abov^, for ale and wine gallons* 

RULE IV. 

For variety IV. From the fiim and half fum of the fquares 
of the head and bung diameters, fubtra£t half the fquare of 
their difference ; then multiply the remainder by the lengthy 
and di\'ide the produ£bj as above, for ale and wine gallons.* 
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A general R^ule/cr reducing cajks to a cylinder, 

• 
Firft, confidct which of all tfcc four Varietifes the propofed 

^^ refeinbie$, then from the bung diameter fubtra£t the head 

diameter, and multiply the diiFerence by .7 for the fpheroid, 

by .65 for the fpindle, by .6 for the conoids, and by .55 for the 

cones \ add the produ£t to the head diameter, the fum is a 

mean, diameter, or the xiiameter 0/ a cylinder of equ^l content * 

and length with the .cafk propofed. 

EXAMPLE. 

The lengthof a caflt is 40 inches, bung diameter 32, and 
head diameter 24 inches \ required its content in ale and wine 
gdlons. 

Case I. Suppofe the caflc of the firft form ;. then, 

By Rule L 

32*=io24. 1 077(1 04060(98.3 ale gallons. 

2 882)104960(1 19 wine gallons. 

2048 
24*= S7<5 



« 

nT 



1624 

length* 40 

104960 

By the General Rule. 

24 5.6+24=29.6 tlie mean diameter. 

8 29.6 X 29.6 X •0027 8x40=97.6 ale gallons. 

«7 29.6X29.6x*oo34X40=i J9.1 wine gallons. 

4« 



By 
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By the Aiding rule. 

Set the lengA of the caik in inches on C to the gange-poin^ 
on D, and againft the ineaa diameter on D you have the coi^ 
^ent on C 



Ca9B n. Suf^fe die ca(k of the fecond form i the^ 

By Rule IL 

32^=1024 1077)101376.0(94.12 ale gallona^ 

9t p82)ioi376.p(i 14.9 wine gaU^flfc 

9216. 
6x24 =34S<i 

5)12672 

2534-4 
40 



101376.0 



By the general rule. 

8X*65=:5.2 and 24+5.2=:25).2 the mean diam^elei* 

29.2 V 29.2 X .00278 X 40=94.98 ale gallons. 
29.2X29 2=.9034^ 40-^ 15.959 wine gallons. 



Cass 
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€k5fe nt. Sappofe the caik of the third form ; Ihen^ 

By Rule III. 

^ 32*=:io24 to? 7)07760(90-77 ale gallons. 

24*^ 576 882)97760(110*84 wine gallOQS» 

1600 
800 

44 



a^m 



2444 

4d 

97760 

&y tht ffAitnl tilted 

ty .6=4.8 and 14+4.8=28.8 the mean diameleh 

ft8.8 X 28.8 X. 00278x40= 92.4 ale gallons. 
S18.8 X 28.8 X .00 J4 X 40= 1 1 2.8 wine gallons* 

CAsfe tV^ Sttppofe the calk of the fourth rznttfh 

32^=1624 1077)94720(87.9 ale gallons. 

24*= 57(5 882)94720(107^39 wine gailonsi 

-I i»« .u 

1606 
800 

• 

2400 

t -1 

2368 

40 



I^y26 



4 



^y< «t 
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By the general rule. 

8 X. 55=4.4 and 24+4.4=28.4 the mean diametef. 

28.4 X 28.4 X. 00278X40=89.8 ale gallons. 
28.4 X 26.4 X •0034x40= 1 09.69 wine gallons^ 

A cafk of the ift variety is the mod capacious, and one 0/ 
the 4th the lead capacious. The fpindle is mod ufcd. 

We have now (hewn the method by which calks (when full) 
may be gauged, both by the pen and rule. It now remains to 
point out a method by which cafks, that are not fttll| may be 
gauged, and this is called uUaging. 

l^ROBLEM X. 

IToJind the ullage of a cajk. 

A taflc may cither ftand on its end, with its axis perpendicu- 
lar to the horizon,J%. 6. or ly with its axis parallel to the ho- 
rizon. Jig. ^» 

RULE I. 

IVhenJland'wg — Divide the wet inches by the length of the 
cafk ;' and, if the quotient exceeds .5, add Vtr of the exccfs to 
tlic faid quotieot : but, if it be lefs than .5, fubtraft ^\ part of 
the deficiency, fo will the fum or remainder be a multipli- 
cand, by which if you multiply the content, the produd* will 
be the quantity of liquor. 

RULE IL 

IJ^len /j.'«g^— Divide the wet inches by the bung diame- 
ter; 
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r 

%cY * ; find the quotient among the vcrfcd fines in the tabic of 
xiFcuIar fegmentSj and multiply the correfponding area by the 
>Krhole content of the ca(k, and the produd gives the liquor 

■ 

in the calk* 



EXAMPLE I. 


Fer a ca/k Jianding» 


Let the bung diameter be 28 
.Head diameter - 22 
Lcnjgth - - 32 


Wet inches 1 8 
Dry inches 14 
Content 60.96 A. 0» 


32)i8.oo(.5625 -5^25 — ^.5=.b625 cxcefs^ 
.00625 tV of which is .00625 

• 


the multiplicand -56875 

60.96 


341250 
SU875 
3412500 


- 



34.67100C0 Anf. 34*671 galL in the ca^ 
EXAMPLE IL 

For a cajk lying. 



Let the length be 20 

Bung diameter . 16 

Head diameter 1 2 



Wet inches - 6 

Dry inches - to 



Content 



12.3 

16 



• If, inflead of the wet inches, you di\idc by the dry, and proceed as the 
rule diretSf, the rcfult will be vac«iitv. 



I 



i6)6.o(.375 correfponding area .atfpoi^ 
48 12.3 

I m il r 

I la 107039 

tia 538c 26 

■ 269013 

^^A 3-3 gallons. Hie content 3*3088599^ 

EXAMPLE HL 



I«et the length be 32.5 
Bung diameter 3 1 

Wet inches - 10 



Dry inches 2t 
Content , 75*3 7 A. Oi 

Required the ullage lyings 

Attf 20.97 ale gallons A^G. 



EXAMPLE nr. 



Let the hung diameter be 33 

The dry inches . . «. 12 

The content 108 gallons. 

Art/. 35 gallons 



How ikiatiy gallons ate 
wanting to fill up 
the veflel i 



Note. The nearet the form of the cade appi'oadhes to a cf^ 
Under, the more exad: will the tables give the ullage \ but 
when the bung diameter is much greater than the head diame* 
ter^ the line of fegments is truer than the tables* 

By the Sliding ruUi 

When lying, iji^ Set the bung diameter Upon the line ot 
fiumbers to 100 upon the line of fegments ; then againft the 
wet inches on the line of numbers is a fourth number ; ivhicb 
referve. 

2d, Set 100 upon B to the whole content upon A> and a-> 
gainft the referved number is the anfwen 

iFheH 



1 

J 
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WhenJIandiug* \fly Set ihe kngth of the caflc on the line .of 
Bumbersy to loo on the line of fegments; then againft the 
wet inches on the line of nun^bers is a fourth proportionalj 
which referve. 

' 2dy Set loo on B to the whole content on A ; then agaipd; 
the referved number on B is the ullage required. 

Jo gauge ajlwr cfmahm 

RIJLE L 

Meafure the length and breadth of the floor, and take a nam-« 
\(tx of depths by your gauging-rod, and divide their fum b|p 
their numberi the quotient will give a mean depths 

RULE II. 

Multiply the length, breadth, and depth continually, an4 
divide the produd^ by 2^50 \ the quotient gives the number o( 
i^ufhels* 



EXAMPLE, 

A redangular malt floor is 490 inches long, 368 inches 
^road ; the depths^ taken in fevcral places, are as follow ; 



Inches* 

4 

4 



Inches. 

6.2 

6.7 
{(.equired the content 



1^ 
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For t}ie mean dppth. 

3.2 49oX368X5*tf=^oo979i cubic iachcs*. 

4 

4 2150)1009792(469.67 malt bufhels,, 

4-5 
5 

6.2 

6.7 
6)33.6 

5.6 mean depth. 

By the Stiding Ruk^ 

Set the mean depth on MD to the length on N, and againtt 
t{ie brea^dtli on tlie line A is the content on the line B.. 
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StipiNG RuLi;^ 



T 



HIS Inftramcnt is two feet in length, much ufed in taking 
dimenfions, and in calling up the contents. One of its fides 
is provided with a flider, or flip, both fides of which are divi- 
ded' in the fame logarithmic manner with one of the fides of 
the rule. On the other fide of the Aider is another line, mark- 
ed the girt line^ and is ufeful in calling up -foHds. Befides, at 
the divifions 17*1 5) and 18.95, ^^^ marked w. g. and a- g- the 
wine and ale gauge points, for the' purpofe of gauging wine 
and ale by this rule. 

This rule is fo well known, that it is unneceflary to give a 
tedious defcription of its properties or con(\ru£tion.. We Ihall 
only give a few rules to Ihew its utility, 

Peob. I. To piultlply any two numbers • 

' RtJLE. Set I on the flip to one of the fr.ftors on the Hock, 
i^nd*ovcr againft th< other faflor on the flip you. have the pro-< 
dud on the flock. 

Prob. II; To divide by thefiding rultr* 

Rule. Set the divifor on the flip to the dividend on the Hock, 
^d agajhll 1 on tlie flip you have the quotient on the Hock. 

Z. J, PjtQ9n. 
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Prob. m. Tejquart a number by thefiide rule. 

« 

RutE. Set I on the flip to the given number on the ftocl^ 
and againft the given number on the flip you have the fquaie 
on the ftoclu 

PiLOB. IV. TCo extras tbefquare root ky ibejliding rule* 

Rule. Set i or loo on the flip to i or lo on the girt linej^ 
and over againft the given number on the flip jou have the root^ 
on the girt line. 

Prob. V. To perform' the rule of three by thejiidiffg rule* 

Rule'. Set the firft term on the flip to fecond term on the 
ftocky and over againft the third kxjax on the flip you have tfaa 
anfwer on the ftocL 

Prob. VI. 7!? eafl up fu^etjicies by thefliding rule* 

Rule* Set the breadth in inches on the flip to 12 on the 
ftock, and againft the length in feet on the ftock you have the 
content on the flip in fquare feet and decimal parts. 

Prob* VIL To find thefolid content offquared timber* 

Rule. f>rt the length in feet on the flip to 12 on the ^rt^ 
line, and againft the fide of the fquare in inches on die girt line 
is the content in folid feet on the flip* 

Prob. VIII, To find the folid content of four-ftded timber^ tvhofe. 
bafe is an oblong j that is, whofe breadth is greater than its thick-- 
nefs. 

Rule. Multiply the breadth by the thickncfs by Prob. i. 
9nd extract the fquarp root of their prod^d by Prob. 4. With 

this 
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Uiis fquare root> as the fide of the fqdare> work as direfled id 
{^ob* 7* and you have\he anfwer. 



Measuring of Board and Timber. 
PROBLEM L 

« 

TT^Jind the fupe'rficial content of a hard or plants 

RULE L 

Multiply the lex^th by the breadth^ zAd the pxodud: is the 
area. 

Rule 2. If the board is tapering, add the breadth of both 
t^ds toigetheri and multiply half the fum by the length for tlie 
«rea^ 

Example l 



K.equired the airea of a plank 15 inches broad and 18 feet 
Idngh 

Decimally^ 

Length 1 8 
Breadth t.25 



90 
36 

82*50 Jf^^ 



Dtto*dccimally. 
F. in. 

18 o 
i^ 3 

-18 8 
4 6 



By Redu£Uoni 

F. In. 

1=216 
IS 

1080 
216 



22 6Jn/. 



144)3240(22 feet. 
288 



360 
288 



1 2^72(6 inchei« 
72 



Zzt 



By 
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By the Slide rule. 

Set I5» the breadth in inches, on the flip, to 12 on the (loclc^ 
and oppofite to 18, the length in feet^ on the ftock^ you havd 
Q.li feet on the flip. 

Ex. 2. Required the content of a plank \6 feet 3 inches 
longy and i ^ inches brOa j. Anf. 24 feet 4 inch. 6 parts» 

Ex. 3^— —of a plank 22^ feet long igf inches broad. 

Anf. 36 feet 1 1 inch. 7 parts C 

£x. 4. •30'^ feet long and 14 inches broad* 

jinf. 35 feet 4 inch. 8 parts. 
Ex. 5. ■ ■ 25-§- feet long and 19 inches broad. 

-^^f' 39 f^c^ ^o inch. 2 parts. 
£x. 6» ■ » 34f feet long and 21 inches broad. 

Anf, 60 feet 4 inch. 6 parts. 

Ex. 7. it7:J- feet long and 15 f inches broad. 

Ahf. 35 feet 2 inch. 4 parts 6". 

Ex. 8. 32tt feet long and 13^ inches broad. 

Anf. 35 feet 5 inch, i part 3". 

Ex. 9. 23-^ feet long and 10 inches broad. 

Anf. 19 feet 3 inches 3 parts. 5'' 

Ex. 10. 12^ feet long and 9 inches broad. 

Anf. 9 feet 2 inch. 3 parts. 
Ex. 1 1.— — Tof feet long and 6 inches broad. 

Anf. 5 feet 2 inches. 
Ex. 12. r "IStt feet long^nd B-J inches bro^d. 

Atif. 10 feet 4 inches 5 parts 3". 
Ex. 13. i9xV ^^^^ io^g ^^^ 9 inches broad% 

Anf. 1 2 feet 8^ inches. 
Ex. 14. 29 feet long and 22 inches broad. 

Anf. 53 feet 2 inches* 
Ex. 15. ' 29i ^^'^ ^ong and 16 inches broad. 

^nf 52 feet 8 inches* 

PROBLEM 
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PROBLEM n. 

^ofind thtfolid conttnt offmiart timber, 

RULE. 

Multiply the three dimcnCoas continu2tlly> and the laft pfo^ 
du£t will be the folidityl 

EXAMPLE L 

Required the folid content of a tree i8 feet longj and iS 
inches the fide of the fquare* 



By Duodecimals. 


Decimally* 


By Redudioo. 


F. Id. , 


F. 


F. In. 


|8 o length. 
I 6 breadth. 


18 
1-5 


lS=2l6 
18 


18 e 
, 9 


90 
18 


1728 
216 


27 
I 6 thicknefi. 


27.0 
'•5 


3888 
18 


.27 
13 6 


1550 

270 

40.50 Artf. 


31 104 
3.S88 


40 6 Anf* 


1728)69984(40 feet. 
6912 






144)864(6 inches. 
864 


. 


By the Sliding 


rule. 



Set 18 f^ct^ the iength, en the flip, to 12 en the girt Knc^ , 

and 
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dind againft i8, the fide of the fiquaffe, in inches> on the girt 
line^ is 40-r on the flip, which is the anfwer in feet and firac* 
tional parts* 

Ex. 2. ]^equired the conteiit^ w)ien the lehgth is 19 feet^ 
[ fide of the fquare 9 inches* jinf. lo feet 8 inch. 6 pts; 

£z. 3. ' .the length 24 feet| fide of the fquare 14 inches. 

jfnf. 32 feet S inches. 
Ex. 4. ' 23 1 feet,, fide of the fquare 30 inches. 

Anf. 146 feet 10 inch. 6 pts. 
Ex. 5.' I4f feet, fide of the fquare 15 inches. 

jifjf. 1 7 feet 1 1 inches^ 
Ex. 6«-> — 22^ feet, fide of the fquare 12 inches* 

^nf. 22 feet 9 inches* 
Ex. 7. -isi feet, fide of the fquare 10 iticbcs. 

jinf. 10 feet 6 iixch. 4 pts. 8"*. 
Ex. 8. — ^24tV feet, fide of the fquare 2 feet* 

^nf, 96 feet 4 indiesi 
Ex. 9. ■ ' %Zt feet, fide of the fquare 11 inches. 

An/* 23 feet 10 inch. J pts. i" 6'^'* 
Ex. io.» ' ■ 10 feet, fide of the fquare 14^ inches. 

jtnf 12 feet i inch^ 
Ex. 1 1. . 6 feet, the fide of" the fquare 3 feet. 

^nf, 54 feetk 
Ex. 12.— —8f feet, fide of the fquare 14 inches. 

jAnf» 10 feet 1 1 inche^i 

Squared timber, whofe breadth is greater than the thicknefs^ 
m?Lj be truly call up by the above rule with as much expedition 
as with any other. Unikillful meafurers, however, generally 
add the breadth and thicknefs together, and they confider hal^ 
their fum as the fide of the fquare, and work accordingly ; but 
this method is falfe ; and the greater the difference between 
the breadth and thicknefs is, the error thence refulting will be 

the 
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|he more confidereUe ; and In every cafe of this kind tfa^ re* 
ftilt is greater than the truth. 

EXAMPLE I. 



Required the folidity of a log whofe length is 19^^ feet^ 
breadth 32, and thicknef« 20 inches. 

The true method, 
^e common method. Pecimally. Duodecimally^ 

?. F. Id, 

3a 3)19.5 \9 ^ 

20 2.6 28. 



2)52 

i6 fide of the fquare. 
26 



156 

52 

6^6 
19.5 

wmmmmmmm 

338Q 
6084 

676 



144)131820(91 feet« 
1296 



222 
144 



•t" 



12)78(6 inches. 
6 parts. 



390 
<55 

3)5 2» 
1.6 

»733 

»733 



9(5.6$ 



39 
>3 









52 

1 



8 


Q 


5* 
34 



8 


a 



86 g <» 



F. In. ]>U. 

True 86 8 o 
Falfe 91 6 6 



Error 4 10 6 



By the Sliding rulf» 

Sl^t the i\ile and flip ^ven at tl\c ei\ds $ and over a^inft thf 

aret 
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»rca of the bafc on the flip you have the fide of the fquarc ort 
the girt line » then the folidity is found, as above. 

Ex. 2. How many cubic feet are in a log of wood 40 feet (t 
inches long, the bafe being 32 inches by 20 ? ^nf 180 feet.. 

Ex. 3. Required the content of a log of wood, whofc length 
is I3i feet, and bafe 10 inches by 8. jinj. 7 feet 4 in. 4 pts. 

Ex. 4. How many cubic feet are in a plank 12 feet long, i 
foot broad, and 6 inches thick ? An/. 16 feet 9 in. 3 pts. 10'' 

Ex. 5. How many cubic feet^arc in a plank 20 feet long, the 
bafe being 30 inches by 20 i Anf. 83 feet 4 inches. 

Ex. 6. How many cubic feet are in a log, whofc length is . 
15 feet 9 inches, the breadth being 1 2 inches by 5 ? 

Auf. . 6 . feet. 6 inches 9 pts • 

Ex« 7. Required the folidity of a tree, lof- feet long, the 
bafe being 15 inches by 9. Anf, 9 feet 10 in; i prt. 6" 

Ex. 8. Required the content of a log 16 feet long, 30 inches 
broad, and 18 thick. . An/ 50 fe^t. 

9. Required the folidity of a plank 19 feet 3 inches long, 9 , 
inches broad, and 6 inches thick. An/ 7 feet 7 in. 7 pts. 6"- 

Ex. 10. How many cubic^ feet are in a plank 17 feet long. 
Its bafe being 14 inches by 7 } An/ 1 1 feet 6 in. 10 part^ 

Ex. I ! . Required tlic content of a plank whofe length is . 
15 1 feet, breadth 10 inches, and thicknefs 8 inches. 

At^, 8 feet 7 inches 4 parts. 

Ex. 12. Required the folidity of a plank whofe lengtli is r^. 
^et 10 inches, breadth 15 inches, and thicknefs 12 inches. 

An/ 24 feet 9 inches C[ parts^^ 

PROBLEM III. 



Xo/nd the/oliditj of round or unfqtiared timber^ 



RULEk 
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RULE) comnion way. 

Multiply the fquare of -J of the circumference by thi length. 
And the produ£l; will be the folidity; 

EXAMPLE L 

Required the fdidity of a tree whofe length is 32 fi^^t^ an(i 
girt 6% inches*. 







Decimally. 


Duodecimallyi 


« 






F. In. 


'J of 60 is i^ 

«s- 


t 


I«25 

1.25 


32 


75 
15 

225 
32 

450 
675 

l44)720D(j;o 
720 


feet. 


625 
250 
125 


32 
8 

40 
I 3 

40 
10 

50 ^ 


1.5625 
32 


31250 
46875 

5c$.oooo 





• 


• 




\ 


B, 


the Sliding ruU» 





Set the length in feet on the flip to 12 on the girt linei ami 
over againft the fide of the fquare, (which is ^ of the girt) pn 
the girt line, you haVe the content on the flip. 

Now, if we confidet the tree a cylinder, its folidity may be 
found as follows- 

3 A Tbtf 
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The area of a ciic^ M^hofe circumference is i| is •0795775 ; 

therefore^ 

t 

As I * : 0795775 : : 3600 
3600 

477465COO 
2387325 

286.4790000 area of the end* 

5729580*00 
8594370006 

I44''9 1 67.3 280000(63.662 
864 II 



527 


7-944 






43^ 


12 






953 

864 


11.328 




892 

864' 




F. 


fns PtA, 


288 


True content 


63 


7 " 


288 


Falfe content 


50 


© 



Error 13 7 11 

By comparing the two methods above, we fee that the com-^ 
mon way is 13 feet 7 inches 1 1 parts (which is nearly ^J^) Icfs 
than the true quantity. It is ftrange that a method fo abfurd, 
and fo pernicious in its confequences, fhould ever be pra£tifed« 
The eafe with which it is performed is perhaps the only argu- 
ment which can be alleged for uGng it. — ^The following rule 
will give tlie content extremely near the truth : It may be per- 
formed with equal eafe with the falfe one^ and fhould on tliat 
account be univerfally ufed. 

RULE. 
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RULE. 

Multiply the fquare of f- of the girt by twice the length, tod 
the product b the content very near the truth *, 



Circum. 60, of which the 


tis iz 




12 


Twice the lengthy 


* • 

144 
64 




S7<S 
864 




144)9216(64^12^ 
864 




576 
576 



Ex. 2' Required the content when the girt is 4 feet 2 inch-^ 
eS| and the length 15 feet. jlnf, 20 feet 10 inches. 

Ex. 3. What is the folidity, when the girt is 55 inches, and- 
the length 20 feet 6 inches ? j^nf 34 feet 5 inch.. 5 pts. 

Ex. 4. Required the folidity of a tree whofe girt is 6 feet 8, 
inches, and length 16 feet 4 inches. 

jlnf. 58 feet o inch. 10 pts. 8". 

Ex. 5. Required the folidity of a tree, the circumference be- 
ing 30 inches, and the length 6f feet. ^/f/I 3 feet 3 inches*. 

Ex. 6. Required the content of a tree whofe girt is 35 inch-^ 
es, and length 1 7 feet 8 inches. 

Anf. 1 2 feet o inches ^ pts. 4".. 

Ex. 7. The girt is 90 inches, and the length 19 feet, requi« 
led the folidity. jinf. 85 feet 6 inches. 

Ex. 8* How many folid feet are in a tree whofe girt is 9^ 
inches, and length 25 feet ? jtnf. 1 25 feet 4 inches 2 pts* 

3 A 2 Ex. 



* B-y this rnle theie 9 cxampla are computed. 
# \ 
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Ex* 9* How many folid feet are in a tree 5 feet 5 inches 
girt, wd 20 feet long ? Jn/. 46 feet 1 1 incbcs 4 pt«» 



Tapering-T;mber* 

Tapering-timber is that which is thicker and broader at the 
cne end than at the other- 

When the tree tapers regularly, ' the dimenfions may be ta» 
ken at the middle for the mean dimenfions \ or they may be ta- 
ken at both the ends, and half their fum will be the mean di-e 
menfions* 

If the tree be very irregular, the dimenfions ought to be ta- 
ken at feveral equidiilant places, and their fum divided : Or 
the tree may be divided into a certain number of lengths, the 
content of each part found feparately, and their fum will give 
the concent of the whole* 

The mean girt of round tapering trees is found in the fame 
(nanncr. When trees have their bark on, it is Qiftomary to 
make an allowance, by dedu£ling fo much from the girt as i$ 
judged fufficient to reduce it tp fuch girt as it would have with- 
out the bark. In cak, the allowance is generally xV or xV ^^ 
the girt ; but in elm, aih, beech, &c. the bark not being (b 
^ck, the deduction ought to be lefs. 

EXAMPLE I. 

A tapering-tree, whofc length is 24 feet, the girt at the 
greater end being 7 feet, and at the lefs i foot \ it is required 
10 find its content according to the true method, alfo in the 
f omqion way« 
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i6s 



7 
I 

2)7 

5)4 mean girt. 
.8 



True. 

.8 
.8 

.64 
• 48 

512 
256 

30.72 



CommoA* 
The t girt is I 



I 

24 



<wi 



*4 



8.64 True 
12 Common 


F. 
24 


In. 
8 



Pti. 




7.68 Error 


6 


8 


7 8 


12 








816 








EXAMPLE II. 






- 



A tree is girt in 6 different places, as follows tr— In the firCfe 
place, 9 feet ; in the fcjcond, 6 feet 8 inches ; in the third, 5 
feet 5 in the fourth, 4 feet 9 inches ; in the fifth, 4 feet 2 
inches ; and in the Cxth, 3 feet 5 inches— required its folidity, 
its length being i2i feet. 



F. In. 



I.I mean girt^ 



9 
6 

5 
4 
4 
3 



o 
8 
o 

9 

2 

5 



I.I 



^)33 



5)5.5 mean girt. 



121 

25 

605 

242 

30.35 

12 



3,00 j/n/. 30 feet 3 inches. 

Mason-* 
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Mason-Work* 

To Maibnry bdongs all forts of ftonc-worlc ; paring and 
caufewapng are meafurcd by the fqpare yard. 

Digging for foundations or vaults is eftimated by the folid 
yard. 

SlabSf chimney-pieces, &c. by the fquare foot. 

Stones for hcwn-work, marble blocks, columns, &c. by the 
Iblid foot i but marble-facings by the fuperficial foot, two inch- 
es being the ftandard thicknefs. 

Hewn-work is generally meafared by the fuperficial foot. 
The dimenfions are taken by a meafuring-line, which is bent 
into all the hollows, and over the projections, in order to af- 
ceitain the extent of furface which has been (haped by the 
tool. *' 

Ruble-work is eftimated by the rood of 36 fquare yards ; ihc 
ftandard thicknefs is 2 feet ; and wzMs of any other thicknefa 
muft be reduced to that ftandard. 

The value of materials is charged by the folid meafure, and 
of workmanfliip by the fuperficial meafure *. 

Circular work, arches, &c. are eftimated double meafurp. 
Dedu£lioni for all vacancies, fuch as doors, windows, &C' are 
made Mrith regard to materials, but none with legard to work- 
manfliip. 

Different 



* When the thicknefs is unequal in different parts, ic mufl be reduced to the 
ftandard of % feet, by making proper allowances on fuch parts as are thicker or 
thinner than others. For example, if the gable of a houfe is three feet duck>. 
§Dd the fnpci&iesy and to thi^ fuperficicf add one half of the fame. 
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Difierent methods are ufed in difierent places for taking the 
dimenGons of a houfe } and indeed of thefe there is fuch a vs^ 
Hety, that fcarcely any general rule can be given. A meaf«h* 
rer^ therefore, before he proceeds to meafttre a houfe, ought 
to inform himfelf as to the nature of the agreement, the cus- 
toms of the place with regard to the method of taking dimea- 
Cons, and of making allowances. 

It is, however, a pretty general cuftom to add one half the 
thicknefs to the height of the fide walls, as an allowance for the 
extraordinary trouble of levelling, and a foot for every belt. 
This allowance is given at the ftated rate. 

A gable^nd, where there are no vents, may be confidered a 
triangle, and meafured accordingly ; but when there are vents* 
it is a trapezoid, and ought to be computed by the rule for its 
proper form. 

Chimney ftalks are meafured by nmltiplying one-half iBe 
girt by the height. 

EXAMPLE. I. 

Required the folid content of a wall whofe length is 53 feet 
I inches, its height being laf feet, and thicknefs 3 feet. 

F. In. 

53 « 
12 6 



644 
26 10 


Jftf. 9 


rood) 


9)30 1 8 9 


670 10 
3 


3<S)335 3 

9 II 3 9 

I i yards 3 feet 9 iadw 


2)2012 6 
1006 3 



3«i8 9 ftandcrcL 
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Ex. 2* Required the content of a wall whofe length is 64 
^eet 9 inches, its height lo feet 3 inches, and thicknefs 2f 
feet. ^1^1 1556.718 feet. 

Ex. 3. In a chimney-piece, the length of each jamb is 4 
feet 4 inches, breadth of both together i foot 9 inches, length 
of the mantle and flab each 4 feet 6 inches, breadth •f both 
together 3 feet 2 inches — ^required the content. 

jifff* 21 feet 10 inches^ 



Bricklaters-worKa 

In Scotland, brick-work is meafured by the fquare yard — iti 
England, by the fquare lod, which is 16.5 long, and confe- 
quently contains 272.25 fquare feet •, but 272 is generally ©• 
fteemed fuf&ciently accurate^ 

Brick-work is of ftandard thicknefs, when the wall is the 
length of one brick and the breadth of another, thick. Brick 
walls of other thicknefs muft be reduced to that ftandard by the 
following 

RULE. 

Multiply the fuperficial content of the wall by the number o^ 
half bricks in the thicknefs ; divide the produd by 3, and the 
quotient is the content, reduced to ftandard thicknefs^ 

EXAMPLE L 

A brick wall is 2^ feet 6 inches long, and 1 7 feet 3 inches 
Ugh, and 5t bricks thick — required the contents 
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F. 
36.5 

1825 

730 

^SSS 

365 

629>625 content. 

II half bricks. ' 



3)6925.875 

^72)2308.625(8 rods. 
2176 

68)132.^25(1 quarter. 
68 



64. jifi/. 8 rod^i quarter 64 feet 

Ex. 2. A brick wall is 84 f feet long, 17^ feet high, and 5t 
bricks thick — ^how many rods of brick ^ 

An/, 19 rods 2 quarters 35 feet. 

Ex. 3. If each fide wall of a building be 45 feet long on the 
outfide, each end wall 15 feet broad on the infide, the height 
of the building 20 feet, and the gable at each end of the wall 6 
feet high, the whole being two bricks thick — ^required the con- 
tent. Art/. 12.1761. 



• * 



PLilSTERERS WoRK. 



Plaist£RER8 work is of two kinds, viz. plaiftering upon 
walls, called rendering ; and plaifteriug upon laths, called ceil* 
tng. Deductions are made for doors, windows, &c. AH is 
meafured by the fquare yard. 

3 B EXAMPLE 
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EXAMPLE L 

The length of a partition is 22 feet, and height 12, — ^how 
many yards of plaifter-wprk arp in it ? 

^' 
22 
12 

5^)264 

29 3 jtn/. 29 fq. yds. 3 feet. 

Ex. 2* If a ceiling be 59^ feet long, and 24 f feet broad— • 
bow many yards ? jtn/, 162.652 fquarc yards. 

Ex. 3. How many yards, rendering and ceiling, in a room 
28t feet long, 1 3^- broad, and 8 high ? 

jin/» 117 yards 3 feet 9 inches. 



Carpenters Work. 

Carpenters or joiners work is that of flooring, roofing^ 
partitioning, &c. and is either roeafured by the fquarc yard, or 
by the fquare of 100 feet. 

Doors and window-fhutteis are reckoned work and half- 
work. If the door be pannelled on both fides it is efteemed 
double work. For the architrave, gird it about the outmoft 
part for its length ; meafure over it as far as can be feen, when 
the door is open, for the breadth. In the meafuring of roofing, 
for workmanfliip alone, iky-lights and holes for chimney-fhafts 
are deduced ; but when for woxkmanfhip and materials toge- 
ther, no dedu£lion is made. 
fc . . ' . .... ... 

Stairs 
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Stairs may be me^fured in the following manner :«— Take 
the breadth of all tlic fteps, and make a line ply over them 
from top t6 bottcm ; multiply the length of this line by the 
length of a ftep for the area. 

EXAMPLE L 

If a floor is 50^ feet long and 28 feet broad — ^how many 
fquares ? 

1 400 
100)1414 

Anf. 1 4, fquares 14 feet. 

Ex. a. If a houfe within walls be 44 feet 6 inches long, ^hd 18 
feet 3 inches broad^ how many fquares of roofing will cover it ? 
"^ Anf. 12 fquares 18 feet. 

It is cuftomary to confider the roof as a flat^ and half a flat 
taken within walls* 



c^^t^^t^ic^i 



TiLEks AND Sl^^brs "Work. 

The content of a tiled r .f is found by ^nultiplyitig the 
length by the girt from z::. xo eave ; and that of a flate roof 
by multiplying the K .:^: i by the girt plied over the eavcsi to 
iheet the wall sor eavc boards. 

3 B 2 In 
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In fome places, double meafure is allowed for hips, vallie^ 
gutters, &c. and no deduf^ion for chimneys. 

EXAMPLE!. 

A flate roof is 30 feet long and 26 feet over,-^GW many 
fquar.e$ are in it ? 

F. In. 

26 O 
f 6 tlie allowance for the eaves. 



27 6 
30 o 



ico)825 o 

jinf. 8. fquares 25 feet. 

Ex. 2. How many fquares tiling in a roof 35 f feet deep, and 
^^'hofc length is 48 ? jin/* 16 fquares 92 feet. 

Ex. 3. How much dating in a pavilion roof, with a platform 
50 feet long and 30 broad at the eaves, and 3^ feet long by 10 
at the platform j 14 feet from the platform to the eaves, takers 
the fhorteft way, and 1 74 along the hipS ? 

Anf 5 roods 3 1 j- yards. 



i^)=:£=:<>^> 



Glaziers Work. 



Glazters take their dimenfions !n feet, inches, and parts. 

AH circular, triangular, &c. windows, are 'meafured as if 

they were fquares ; and the greateft lengths and breadths are 

taken on account of the trouble ^nd wafte of glafs attending 

the cutting. 

EXAMPLE. 



ARTIFICERS MEASURING. 373 

r 

EXAMPLE. 

A houfe ^th 3 rows of windows, 5 in a row, the dimen- 
lions of jhc firft i;ow is (5 feet 4 inches by 4 feet 2 inches ; of 
the fecond row, 5 feet 9 by the fame breadth ; of the third, 5 
feet 3 inches, fame breadth ; alfo a femicircular window above 
the door, whofe height is 2 feet ;— required the expence of 
glazing, at is. per fquare foot. 



F. 


In. 




F. In. 






F. Id. 


F. 


6 
4 


4 

2 


• 


5 9 

4 2 






5 3 
4 « 


2 
•4 


25 
I 


4 



8 


23 
II 


6 




21 
10 6 


8 


26 


4 


8 

5 


23 It 


6 

S 


21 10 6 
5 




»3i 


II 


4 


119 9 


6 




109 4 ^6 










FIrft fiat is 
Second ditto, 
Third ditto, 
That above the door 


F. In. 

131 ir 4 
119 9 
109 4 6 
8 





3<J9 ' 4 
Which, at IS. ^ fquare foot, amounts to 18L 9s. ifd. 



Painters Work. 

Painters work is meafured in the fame manner as that of 
carpenters ; and, in taking the dimenfions, the line muft be 
bent into all the hollowsi and over all the projediions^ in order 

to 
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to afcertaifi the futface wluch%as been touched with the brufli. 
The painting of the bars of windows is reckoned whole work, 
it being troubUfome } and railing a whole furfacQ painted on 
both Cdes. Doors, window-{hutters» &c« are reckoned double 
work. Deductions are i3 be made for chimnies, cafements^ 
&c. 

EXAMPLE L 

The height of a room is I2 feet 9 inches, circumference 60 

feet j-^ow many fquare yards of painting ? 

• 

12.75 
60 



9)765.00 

■^^f' 85 fq. yards. 

Et. 2. The height of a room is 1 1 feet 7 incheSi circumfet- 
ence 74 feet 10 inches, the door 7 feet 6 inches by 3 feet 9 
inches, 5 window*(hutters, each 6 feet B indies by 3 feet 4 
inches, the breaks in the windows 14 inches deep and 8 feet 
high, the chimney 6 feet 9 inches by 5 feet ; a clofet, the 
lieight of the room, ji feet deep and 4 feet 9 inches in front, 
with ihelving, at 22 feet 6 inches by 10 inches, painted on both 
fides, — ^what will the whole amount to, at tid. pet fquare yard ? 

jinf. 3I. 14s. o^d. 



Miscellaneous Questions. 

^uejlion i. • 

What will the fide of a cube be, when the furfacc and foli* 
dity are expreflfed by the fame number ? Anf, 6^ 

2. A 
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a. A ctftern 7$ feet loBg, i j broad» and 10 feet deep, is tQ 
be enlarged,, fo as to contain four times the quantity, its depth 
will be 74- feet, and the fides in the proportion of 3 'to 5 i-— re- 
quired the fides. Jn/. 34.(^410131 and 57.7350^6 feet. 

3. Required the diameter of a globe equal to a cube, whoib 
fide is 6. ' An/. 7.43. 

4. Three men, Wright, Smith, and Turner, bought a grind- 
ing done of 60 inches diameter i Wright and Smith paid equal 
(hares, and Turner one-half (hare ; each partner i$ to grind the 

. (lone in his ^um, firft Wright, then Smith, and Turner lad. 
How much of the diameter ought each to grind down for his 
ihare ? I Wrieht=i3.525 inches 

jinf •< Smith =19.640 
Lrnrncr=26.835 

5. What is the diameter of a cylinder when the cylindric area 
is cxprcflcd by the fame- number with the folidity ? Jin/. 4. 

6. My wright made me a ladder of fuch a length, that, by 
planting it on a ftreet 70 feet wide, it will reach a window on 
one fide 40 feet high ; by turning it over, without moving the 
foot, i^ will do the fame by a window 30 feet ; — ^required the 
length of the ladder. jf,,/ j© feet. 

7. My copper fmith agreed to make me a flat-bottomed ket^ 
tie, that (hould contain 13^^ ale gallons : The depth of the 
kettle is 1 2 inches, the top and bottom diameters arc .in the 
prop6rtion of S to 3 j— required the diameters. 



^^r 5^ The head diam. 25 inches* 
'^'^' /The bottom ic 



^ineoottom 15 

8. What ought to be the depth of a tub whofe bafe and 
head diameters are 20 and 10, to contain 9163 folid inches ? 

jin/. 50 inches* 

9. There is a wall containing 18225 folid feet, the height is 
5 times the thickncfs, the length is 8 times the height ;~rc^ 
quired ^he thickncfs of the wall. Jnf. 4.5 feet. 

!©• A tree 100' feet high, (landing on a horizontal plane, 

was 
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was broke by a tempeftooos vrind, fa that the upper part of it 
ftruck the ground 30 feet from its root ^ — ^required the length 
of the part broke off. Anf 54^ feet. 

f 1. /Tfquare within a circle contains 16 fquare yards; — re- 
quired the ^rea of a*fquare circumfcribed about the f^me cir- 
cle. Anf 32 fquare yards. 

12. The cubical ?J|ar at I)elphos was i cubit ; — ^required the 
fide of the new altar^ which was to be twice that fize, and of 
the fame form. Anf. 1.25992 1 cubits. 

13. The ceiling of a room, at 6d. ^'fquare yard, amount- 
ed to 2l« I OS. ; the breadth is 22f feet \ — required the length. 

AnJ^. 40 feet. 

14. A man left two daughters ; ordered by his will that the 

cldcft ihould have annually the rent of a fquare field, 'and the 

younger the rent of a circular one ; the rent of each field, at 

20«. per acre, would exa£Uy furround it in (hillings, allowing 

one inch to each (hilling ; — ^required the portion of each of the 

daughters. 

M p CThe firft's annual income is 250905I. 12s. 
^' i^The fecond, - -1970611. 5s. 2d. 

15. A gentleman had a garden furrounded by a terrace 
walk; the length of the garden is 509 yards, and the breadth 
400 yards ; the ^alk was equal to j^ of the garden ; — ^required 
the breadth of the walk. Anf. 13.6809 yards. 

16. A gentleman has a garden 100 feet long and 80 broad, 
but intends lo make a • walk half round it dint (hall take up half 
the ground ; — ^required the breadth of the walk* 

Anf 25.96876. 

17. The length of a rodm is 40 feet, and breadth 30 feet ; 
the expence of painting the walls, at 6d. per fquare yard, is 7I. 
—required the height of the room. Anf 1 8 feet high. 

1 8. The diameter of a malt bu(hel \% 1 8 inches, and its depth 
8 »^ inches ; what ought to be the depth when the diameter is 
20 inches ? Anf 6.8448 inches. 

19. Three 
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I 

19. Three farmers. A, B, and C, had each an equal fliare of 
a triangulanr field, whofe bafe, being a riyer, meafured half an 
Englifli mile, its content being 120 acres : the marches were 
dravm parallel to the bafe. Now C had hit (hare next the ri- 
ver, B the middle divifion, and A the reft. They agreed with 
an undertaker to dig a ditch from the top of A's divifion per- <> 
pendicular to the river fide* The breadth of the ditch at a me- 
dium is 6 feet, and depth 4f feet. Required the undertaker's 
charge againft each of the three farmers, at 4d. per folid yard. 

C A pays 38L 2s a^d. 
Afif. <^ pays 15! iss..7td. 
(,C^ays 12I. 2s. 2d. 

20. One horfe chaif^, in turning round a ring, it was ob. 
ferved that the outer wheeLmade three turns for every two ox 
the inner wheel* The height of the wheels being 4t feet, and 
diftance 5 feet, required the area of the fpace or ring included 
betwixt the tra£ks of the wheels. Anf. 392.7 fquare feet. 

21. The gilding of a ball, at 3d' per fquare inch, coft as 
much as the buying of it at id. per cubical inch : It is required 
to find its diameter. . Anf. 1 8 inches. 

22. A cone, whofe height is 40 inches, is to be divided into 

three equal parts, by feftions parallel to the bafe \ — ^required 

tht height of each. ("The upper part is 27.73. 

Anf. A The middle part ■ 7.21. 
(.The lower part 5.06. 

23. What length of a plank, that is lO iilches broad, will 
make 4t fquare feet ? Anf. 5 feet 44- inches. 

24* What length of a log of wood, that is 15 inches broad 
and 1 1 inches thick, will be equal to 10 cubical feet ? 

Anf. 8 feet i\^ inches. 

25. ^ What length of a cord will ftrike off one-third part of i 
circular pond, whofe diameter is 40 yards ? Anf, 38«5d96 yds. 

26. Two men, A and B| bought a round piece of wood, e« 
qually thick throughout. A paid one-third^fhare, B the reft* 
A propolies to have a flip the whole length of the tr?e^ for his 

I C ihare. 
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lliare. At what diftance from the centre .muft the line be 
ftruck) the diameter being 40 inphea i 

Anf, 4t'^ inches^ or A will cut off 15VW ^ ^^ diameter* 

27. A leaden pipe of 4 inches uore weighs 20 ib. ayerdupois 
per foot in length ; — ^required the tbicknefs^ the fpecific gravity 

. <)f lead being 1 1325. Auf. .30 14 inches. 

28. If fimilar folids be to one another in the triplicate ratio 
of their homologous fides^ and the weight of an iron ball of 4 
inches diameter be 9^ lb. — ^required the weight of a ball of 6 
inches diameter. Anf. 32.025 lb. 

09. If water ifltie through an orifice with the fame velocity 
that a heavy body would acquire in falling freely from the fur- 
face of the water to the level of the orifice ; and fuppofing a 
fhip to have been bored through by a 32 pounder, 8 feet below 
water ; it is required to determine what weight of water flie 
will draw in io minutes. Anf, 13 ton 2 cwt. 3 qr. 24^ lb. 

30. Suppoling three wheels, A, B, and C, fo combined that 
three revolutions of A will drive B five times round, and feven 
revolutions of B will driye C nine times round, it is required to 
find the leaft number 0/ teeth ncc^flary to regulate the above 
motion. Anf. A 15, B 9, and C 7 teeth. 

3 '* Upon the fame fuppofition, it is required to determine 
the number of revolutions each mud take before the fame teedi 
be in conjunflion. ' Anf A takes 21, B 35, and C 45. 

32* A milftone of j feet ^ianicter ftrikes ftcondsj how 
many miles would ihe run upon edge at the fame rate in fevei| 
days ? Anf' 1 799 miles 2 f. 9f p. 

33. The fame conditions being given, in what time would 
Ihe go found the terraqueous globe, its diameter being 7^58 
miles ? Af^. 97 days 6 hours 20 min 48 fee. 

• 34. Suppofing Loch Tay to be fupplied ib as to dilchaige a 
Tiver 100 yards broad and 3 yards deep, Rowing at the rate of 
3 miles /^ hour>. it is required to determine how far below the 

furface. 
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furface an orifice of a fquare yard ought to be, to difcharge an 
equal quantity* ' Anf. 3249 feet. 

35. The times in which pendulums vibrate are as the fquare 
root of their lengths; and if a pendulum of 39.128 inches vi- 
brate fecyds, how many fwings will a pendulum of 156.512 
inches take in an hour ? Anf. 30. 

36. Required the length of a pendulum that vibrates half fc- 
co'iids. Anf, 9.782 inches* 

37. My plumber has fold me 600 yards leaden pipes, of 4 
inches bore and i thick, at i6s. per cwt. ^"at the. fame time^c 
purchafed a garden in the form of a rightangled triangle^ of 
fuch dimenfions that the difference between the hypothenufe 
and the fum of the two other fides was 50 yards. I, being a 
gardener, have undertaken to niake a circular fifli-pond in the 
garden to touch the three fides, at 6d. ptr folid yard, and find^ 
upon the balance, 73!. 13s. pd. due to him; required the 
depth of the pond* Anf. 3 yard$, or 9 feet. 

38. What length of a ridge 6 ells broad will make 10 falls ? 

Anf, 60 ells 

39. If a pipe of 4 inches diameter is fufficient to fupply a 
tpwn with water, required the diameter of a pipe, fimilarly fi- 
tuated with the former^ that fliall ferve, after the town is en- 
creafed by one half. Anf. 4.899 inches. 

40. The fame town, after being fo encreafed, to fave expen« 
ces, intends to be fupplied from the old pipe $ at what depth 
in the refervoir miift it be placed, it being formerly 4 feet deep? 

Anf. 9 feet. 

41. Given the two fides of an acute angled triangle 40 and 
60 poles ; required the included angle, and the third fide, that 
the triangle may contain 4 acres of land. 

^*^f' 32* '4'* aiid 33.84 poles. 

42. Two porter^ agreed to drink oflF a quart of ftrong be^ 
between them, at a draught each* Now the firft having drank 

' till the furface of the liquor touched the oppofite edge of tha 

3 C 2 boftonr 
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bottom of the quart pot) dnd gave the remaining part of it toi 
the other, wKat was the difference of their (hares, fuppofing 
the pot was the fruftum bf a cone, the depth being 5.7 inches, 
the diameter at the top 3.7 inches, and that of the bottom 4.33 
inches ? Anf. 7.07 cubic inches. 

43. A heavy body is dropt into an empty pit \ ten feconds 
of time elapfed before the found from the bottom was heard. 
It is required to find the depth of the pit. Anf. 1273 feet- 

44. If a heavy fphere, wbofe diameter is 4 inches, be put 
into a conif al glafs full of water, whofe diameter is 5 inches 
and depth 6 inches, how many cubic inches of water wUI run 
over? Anf. 26.1674336 inches. 

45. A gentleman has a re£t angular piece of ground which 
he intends for a bowling-green. It being a regular declivity o€ 
30"^, the flant fide meafiired 500 feet, the other 433 feet ; re- 
quired the expence of levelling it, one part with another, at 3d* 
per cubic yard. Anf, 271^1. ics. 3td. 

' 46. The fame bowling-green being levelled, required the ex« 

pence of dreffing it at f d. per fquare foot. 

* i^ loil. 17s. 2fd. 

47* An old mathematician bought a field in the form of % 

parabola, the length of the bafe or ordinate being 300* links, 

&nd of the axis or abfcifia 2500. He built a fummer-houfe 9 

chain-lengths diftant from the ordinate, and 2 chain-lengths 

firom the abfciSa ; and ordered by his will, that the field (bould 

be divided between his tvro fons, by the leaft line that could 

be drawn through the fummer-houfe, terminating both ways 

by the parabolic curve \ required how much land each of the 

6>ns (hall have. ^^^ C The one will have 25 ac. 2 r. 1 6 fails. 

•'* (^The other^ 24 ac. i r. 24 falls. 

48. If a ciftern can be filled with water from one cotk in 12 
hours, and from another in 8 hours, in what time will it be 
filled by both cocks running together ? Anf. 4 hours 48 min. 

49. The paving of a fquare courts at 6d. a yard, coft a^ 

much 
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much as the incloCng at 58. a fsird ; required its extent. 

At^. 40 yards. 

50. An army being drawn up in a fquare, there were 79 o« 
ver \ but in attempting to enlarge each fide of the fqoare by 
one man» there was a deficiency of 80 ; required the number # 
of men* ^;^ 6241 men. 

51. An oblong pond was furrounded by a terrace-walk 7' 
yards broad ; the pond meafured 1500 ftjuare yards^ and the 
walk 3696 iquare yards \ required the length and breadth of 
the pond. Anf. lOoby 150 feet. 

42. A gardener and his fervant being at work, each digs a 

fquare piece of ground, whofe fide is as many feet long as the 

labourer is years old. The gardener digged four times the 

quantity the fi:rvant digged. The fum of their ages was 45 

y^ars. Required their ages, and the quantity dug by each* 

J P f The lad's age is k— the gardener's 30 years. 
''' (^The lad'dug 225 ^uare feet — ^the gardener 900. 

53* A reftangular plantation of 360 acres, contains 435600 

threes ; required the diftance of the trees. Anf. 6feet» 

54. How many tre^s can bp planted in the fame area, at the 
diftance of 12 feet ? ^ Anf, 10890Q. 

55. The fanAuary a^ Butis in E^ypt b formed of one ftonc, ^ 
in the form of a cube of 60 feet, open at the top, and hollow^ 
ed fo as to leare the ftone 6 feet thick \ required the weighty 
a| the rate of 2520 ayerdupois ounces /fr cubic foot. 

Anf 64394- tons. 

56. Two nieighbpuring gentlemeii, A and B, had a circular 

piece ground, containing 7 85, acres i rood 24 poles, whereof 

A has two-thirds and B the reft. They agreed with a mafon 

to build a mutual wall on the march at a guinea/^ y?>d, and 

that each ihould pay the expence in proportion to his ihare of 

tl^e ground. It is required to find the mafon's charge agaiqft 

e^ch of the genticmen* A f ^^ P^^^ 1484.4984!. 

. '^' (^B pays 742.25921* 
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^7. A circular pond occupies half an Engliih acre ; required 
the perimeter of z fquare circumfcribed about the pond. 

j{r$/l 1 009 links. 

58. Three farmers^ A, B, and C, had each an inclofure. 
B's inclofure contains 100 Engliih acres. A's inclofurC) and 
that of B' 1, arc together if- times as large as that of C's ; and 
B's and Cs are together 3^ times as large as that of A's ;— -re- 
quired the extent of A*S and C's 

-dnf, A had 60 acres and C 120. 

C9. Suppofing A*s inclofuce, as in laft queftion, to be in the 
f:n :n of a rhombus, and one of its acute angles 30"^, required 
the expence of inclofmg it with a wall 6 feet high, if- feet 
thick) at 5 guineas per rood, ftandard meafure. 

^ff 423 39' guineas. 
6c. The pit wheel of a meal-mill contains 60 cogs, and 
makes 16 revolutions in a minute. It drives a trundle of 8 
teeth. How many revolutions ^ili the Rone make per minute ? 

^ft/. 1 20 revolurions. 

61 > The advantage gained by water-falis of diflPerent heights 
is as the fquare root of the heights. Now, fuppofing a fall of 
4 feet fufficient to overcome 10 cwt. 3 qn 7 lb. of frifUon^ 
what frt£kion will the fame quantity of water overcome from a 
fall of 16 feet ? j4nf 1 ton i cwt. 2 qrs. 14 lb. 

62 A Wright engaged to build a common com^mill under 
the following reftriftions. The ftone muft revdve 75 times 
per minute ; the trundles to have 8 rungs, the driver 80 cogs, 
and the fall 16 feet high. Required the diameter of the water* 
>vheel to produce the greateft eSc& poffible^ 

jinf, 13 feet 6 inches 1 1 pts. 8". 

Note. The greateft etk&, is obtained when the float-boards 

giove with one-third the velocity of the impinging fluid. 

63. A tapering round tree 10 feet long, whofe diameter at 

the greater end is 3 feet, at the lefs 2 feet, being hurled down 

a regidar dedivitv defcribes a fegmcnt of a circle. How far 

diftant 
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diftant from the greater end is the centre of the fegment ? 

Anf. 30 feet 
64* A barrel is filled with pure fpirits^ and weighs, when 
full, 6(^ lb. How many gallons does it contain, allowing 6 lb< 
. for the weight of the barrt 1 ? Anf. 8*29 gallons. 

65. A columa of the atnaofphere, wbofe bafe is a fquare 
inch, weighs 15 lb. j and fuppoflng the atmofphere to prefs e- 
qually in all dire£bions, — required the preflure upon a middle* 
fized man, wliofe furface may be reckoned 16 fquare feet. 

Af^. 34560 lb. 

66. Suppofe the atmofphere, in a mean ftate, balance mercu.- 
ry in the barometer 29^ inches high, required the height to 
which water may be raifed by meins of a pump, the ftate of 
the atmofphere being the fame* Anf. 34i^x ^^^^ 

67. Suppofe the eartVs mean diftance from the fun is 8^ 
millions of miles, and goes round him in 365 days 5 hours 4^ 
minutes^ at what rat^ does it travel per hour ? 

Anf. 58776 mile's. 

68. Light pafles from the fun to the earth in 8 minutes 15 
feconds of time, and the velocity of the earth in its orbit is 
58776 miles />er hourj required the proportion they bear ta 
each other. 

Anf, The velocity of light is to that of the earth as 

69. In what time would the earth fall to the fun at the rate 
of 58776 miles per hour ? 

Anf. 58 days 3 hours 7 minutes 38 feconds. 

70. The paving of a fquare infcribed in a lemicircle, whofc 
HJe coincides with the diameter, and whofe oppoGte angles are 
in the circumference, at ^d> per fquare foot, coft 33I. 15s. re- 
quired the diameter of the circle. An/. 22.3606 yards. 

71. A triangle, whofe three (ides are 800, 640, and 369 
feet, is infcribed in a circle ', it is required to find the diame-^ 
ter of the circle.- An/^ 820.21 1 feet. 

72. The 
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72» The tlirce fides of a triangular pyramid are 3 1 2, 360 and 
ffit and aldtnde loo feet 1 it is required to find the folidity of 
a cone circiimfcribed about the pyramid, and whofe altitude is 
equal to that of the pyramid* jinf' 3981978 cubic feet. 

73. Reqiured the dimenfions of a cone, whofe area of the 
bafe^ curve fuperficies, and folid content, are in geometrical 
piogreffion, and the area of the bafe equal to the redlangle of 
the bafe*8 diameter and axis. 

Jhf. The diameter of the cone's bafe is 24.7036, and axis 
19.4022. 

74* The area of an equihteral triangle being 720, required 
die fide. i/^ 40.7776. 

75. Suppofe I hare a circular inclofure of an acre of ground» 
how long ought a cord be, that, faftened in the circumfer- 
ence of die inclofure as centre, will ftrike an arch that wil^ di- 
fide the Cud indpfure into two equal parts ? 

^nf. 45.47898 yards- 

76. A refervmr is fupplied from a pipe of 6 inch& b<Mre. 
How many fnpes of 3 inches bore will be f uScient to difchaige 
die fame quantity ? Anf 4 pipes. 
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Jlylgebra is a general tnethod of computation, by which ma- 
ny ufeful problems in geometry and arithmetic arc- folred, 
which, without its aid, would be impoffible. The principles on 
which the rules are founded are fimilar to tliofe in common a- 
rithmetie* 

Certain Symbols and charaftcrs are a4mittcd into this fcicncc, 
to give it that extent and exccllenQe which it poiTefTes above all 
other methods of computation. Through all the flcps of an 
algebraic operation, thefe fymbols may be fo condu£led as to 
be preferved diftindly in view, with their relations and affec- 
tions to each other, and at lad to produce a canon, or general 
rule, by which not only the queftion propofed is folved, but 
every other queftion of the like conditions- Whereas, in the 
courfe of an arithmetical operation, the original numbers diC- 
appear. 



NOTATION. 

I.— Algebraic Hgns only aSe£l thofe fymbols to which they 
are prefixed. 

2. — Quantity is that which is made up of parts, or is capable 
of being encreafcd by addition or diminifhed by fubtra£tion. 
Hence a quantity may be introduced Into an algebraic compu* 

3 D tation 
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tation two difitrent ways, either as a decrement, or as aa in- 
crement, that is, as a negative quantity, or is a pofitive one. 



3* "t" (P^^^) Signifies Addition, or that the quantity td 
which it is prefixed is pofitive *. . * 

— (minus) (jgnifies Subtraction, or that the quantity to 
which it is prefixed is negative. 

X fignifics Multiplication f . 

■r fignifies Divifion. 

= Equal to, or the fign of equality. 

^ (the radical Jign) denotes the fquare root of the quan^ 
fity annexed. ^ 

4. — A quantity may be reprefentcd by any fymbol or charac^ 
ter. It is, however, a pretty general cuftom to ufe the firft let^ 
ters of the alphabet, a^ b^ r, &c. for known quantities, and the 
lafl letters, a:,j?, s, for unknown ones. In the following com 
gepdium we will follow the general method. 

To examplify thefe Cgns, let us fuppofe ^»=3, i=8, r=i2, 
rf=io, ^=4, OT=6, /=t, and 1=5. 

5. — ^Then the fum of a and b is reprefentcd tlitts, fl-|4=i r. 
The difFercnae of </ and />, - - d—p^z^^ 

The 



* ■>■ ■ III 



y 



' When no fign is prefixed to a quantity, + is underflood* 

f When no fign is placed between two quantities, X is ui> 
derflood. 
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The produft of a multiplied by c *^ - Jxc ox dcz^i6. 

d 
The quotient of d divided by /, - d^ s or— =2 J 

r 

The fquare root of ar , - - - ^tfr=s6. . 

6. Plus and minus are always oppofcd to each other. Thus, 
if -f fignifies gain, -^ figniiips lofs ; if + iignifies (lock, — 
figniiies debt s if -|- fignifies a- pofitive quantity, — fignifi«« a' 
negative one. And fo on* 

7. — When letters are placed together without any fign be- 
tween them, they denote the re£kangle or produfl of the quan- 
tities they reprefent. Thus, the produft of a Into b is a3=24< 

A number prefixed to any quantity is* uoderftood to multiply 
the quantity, and is called its c^-efficient. ThuSy 6fl^i 8.^ 

8. — Divifion is often reprefented by placing -the dividend in 
the form of a numeratoxv and the divifor in that of ^ denomi*. 

3 8 
tiator. Thus, b divided by « is — := — = 2 * . . 

a 3 

{^ic— The continual multiplication of quantities, by others of' 
the like kind and dimenfion, is called powers of that quantity, 
and are commonly expre^ed by fmall numbers placed at th^ 
corners of the letters, called indices , or ^icfonents. Thus, the 
fquare o{a is a^^, the cube a^^ the fourth powers*, &c. Thgr 
exponent of the original quantity, or root, is unity, and is %1« 
dom or never exprefTcd. 

10. — Quantities oi the like dimenfions, which, by tl-^clr fucs 
ceflive multiplication, produce any given quantity, are called 
roots of the given quantity. Thus, a is the fquare root a^. 

3 D 2 E^aercifcs 

^ , , -1^ 

• When no figu u marked tctwec* two or mofe-^utotiirlcs, it d nwtft their 
prodttA. 
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Extrcifitfor praSHce. 

1 . 2a+i=2 X 3+8= 1 4. 

2. bc+d=8 X 1 2+10=106. 

ic 8X12 

3. - = =32. 



4. cJ — affi+f'=i2Xio— 3X6+I443i24jl&^ 

ad 30 

5. — f.f^— ^2= f> 144— 64=86. 

' 5 

6. - = -= . . 5 

fl^+3_3'+8_i7_ 

ADDITION* 

. RaLE I« 

1 1. — ^When the quantities arc alike, and their figns Ac fame^ 
add the co-efEcients, and to the fum prefix the fign, and anncA 
the common letter or letters 

RuLR IL When the quantities are alike, but their (igns dif- 
ferent, fubtracl the leffer co-efficient from the greater; to- 
theiu: difference prefix the Cgn of the greater, and annex the 
comnH)n letter or letters* 

Rull^ ill- When the quantities are unlike, write them one- 
after auoiiVr, with their proper figns and coefficients. 

By Rule I. 
Ex. V?, 2^, sdf A^if 



4a \ 3ti+2i 5fw — 3« 8a 



2 



'ja 4^»+3* 9''' — ^4» iQa^ 

RULB 



AtQIBRJi^ 3^ 



By Rule IL 



4/1 •—5^+4^ gah — 5^' — 4r+/fe 



^p 



— 3^ + 1 2* 440 — 2^^ — ^ — 3^ 

In example Sth, the artide9 are to be arranged^ fo that like 
may (land under like. 

By Rule III. 

Ex. ^tb, \oihf 11/^, i2th^ 

2c +B a+d ' bc+m b+d+a 



a^ 



■ IW 



c-^^Zc+l} rf— ^ acd+€+bc+m. ^^b+c+d 



EffafnpUsfir pra3ice. 

a+b 32^+4* , 4^^+3* 

2^+"^ — £1—3^ 30—^^ 



ii — b+c r+fl — i ab+b^ 



' 3/1^ a^ — a+b J— r — 3^— < 

S/i^f 9/^1 10M9 ii/i&« 



2c—Sd — v3+flaj rf+o-^ at—c—^d 



SUBTRACTION. 
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SUBTRACTION. 

Rule. 

12.. Change the fignt <^ the fubtrahend» or fuppofe ih&a^ 
cbaDged^ then proceed as in addition. 



x- »/» 


2J> 3^* 


AtK. 


7« 
—6a 


6a —i 
4*. 1* 


—ibc 


»3^ 


&»:— 4* 6^ 


/[ob+ibc 


5^^ 


<5r-5. 


Jth, 


a — ^ 


4at^-^b 


S^+ 3^ 



Examples f9r praifke* 

>/f 2//, 3^, 

7fl+3* 4^--5^' II— <•+ *^' 

■^3^^+3* '■ — 2a+ 5^ 3fl+^^ — d' 



■■ 



' 4/A, 5/A, 6/A. 

h2a — lar «+* 4ar — ^jfli 

---3^^^- b a-—b 30^ — 3^2^ 



The reafon of the foregoing rule is obvious ; for if from any 
qu^tily a decrement-be fubtrafiied'y it is the fame as adding an 
equal increment. For example, If a man owe looL more than 
hh ftock| the (late of his afiairs may be reprefcnted-*"— lool. 
or lie is lool. worfe than nothing. But if another add lool. to- 
his ftock, it is the fame thing as taking away his dett^ for in* 
othei: of tbefq cafea he will be worth nothing. 

MXJLTI^ 
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MULTIPLICATION. 

RULS. 

I 

14^. — ^Muldply the coefficients, and to their produd annac 
the letters of both fadors together. If the figns of the £z€ux% 
be like, the fign of their product is + ; but if the figils-of tht 
labors be unlike^ the fign of the produ£^ is — • 

Ex. I ft, ad, 3d, 4th. 

^ab --^^ '^ab —73^ 

locd +* — Zc — ^h 



fU^ 



'joabcd ^-ai — 24 kC *+6ai 

15. — ^Powers of the jame root are multiplied hj adding theii^ 
^exponents. 



£z. ift, 


id, 


3d. 

ab c^d 

J'b 


4th, 


a' 


««4^' 


nHK-^d 


aH'^c^ 



1 6.— Radical quantities^ under the like fign, are multiplied 
Kke others, and the plrodu£t is placed under the fame fign. 

Ex. I ft, Id, 3d^ 

^a a^^bc air X 

17. — ^If one or both fa£lors be compound, multiplf each 
teim of the multiplicand by all the terms of the multiplier fuc» 

celGvcly 



»t 
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ceflively, Smd ihe fum of the particular produdis w£ll be the pt%^ 
ihiGt required. 



Ex. f/, 



■ite 






j^ 



tt2^+2ab+b^ 
Sth, 

C+i € 



20 



i^hik 



<Jfl^+2a ^^— 2tf *d— ^i * 6 






< ^ 



a — ^ 



mm+bm — an — an^^bn+ca a^-^^b 

tb+b^ 



or, a^ — b^ 

i8,< — ^If one of the fa£lors be a fradion^ multiply its niirte* 
rator by the other fa£tor, and place the produ£t over the given 
denominator. 



2a /\at 

— X ac = — ^ 

b b 



^a I7ai 

b b 



19. — ^If both faftord be frafKons, multiply their numerators 
for the numerator of the produ£lj and their denominators for 

the 
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the denominator of the product* If the fame letters occur in 
both numerator and dJenominator;^ they may be expunged 
without altering the value* 



Ex. ift, 

7 1 *« 



2d, 



si. 

m h ha 



4th, 

-.X-*= =— 

c m dc c 



a+4 ar-i ««— b* 



^uefiknsftr fraSlict, 



I. multiply o-f^ 
^. be — 4* 

3. . «+* 



5 
6 

7 
8 



by 3c 
by 3ff 
bya*+rf 

by 



a . 
3^1— 4r 



A-H» 



by 

/^b — c d 'f n by 2^ 
Yah by 5^te 

2^fl* by 2^te 



i^a* 



by m^ci 



3E 
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DIVISION. 

Rule. 

20, — ^Place the dividend in the form of a numeratori and the 
divifor in that of a denominator ; expunge like quantities from 
bothy and divide the coefficients by the greateft common mea- 
fure. Like figns gite +> unlike give, — • 

Ex. I. Divide 30^ by ^9 3^ 





i -3- 


Ex. 2. Divide — abc by — 3^r, 


— abc — fl 


j^x. 3. Divide ^ax hj 12 ia, 


—3*^^-3 

4ax X 



I 2ba 3^ 

21. Powers of the fame root are di^aded by fubtrafting their 
exponents. 

Ex. I. Divider' by «* a^ 



a* 



Ex. 2. Divide a^bh^ by aH^ a^b^c^ 

=a^bc^ 

Ex. 3. Divide b'€^d by a^b^c^ b'c^d bd 

aH^c^ ^ a^ 

22. If the dividend be a compound quantity^ all its parts 
mud be arranged according to the dimenfions of fome of its 
letters \ the divifor alfo mu(l be arranged according to the di- 
menfions of the fame letters : Then divide the firll term of tlia 
aividend by the firft term of the divifor } if compound, multi- 
ply 



\ 
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ply the wholexlivfior by the quotient } {torn the dividend fub- 
tTa£t the produ£l:» and the remainder fliall give a new dividend ; 
then proceed as before. 

Ex. I. a+i)a^+2ai+Pia+i 



Ex. 2. *— y)x' — y^ix^+xy+y^ 



x' — x^y 



x^y-^^ 
x^y — xy^ 



xyi 
xy^ — ys 



^^+9cy+y^ 

X— y 

Pt^+x^y+xy^ 

— x^y — ^ny^— ^3 



Pf^ y ^ proof. 

23. It fometimes happens that the operation may be conti- 
nued without end^ in which cafe the quotient is called an in* 
finite feries* 



3 E ^ Ex, 
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a 

,2 



..3 



fl3— a* 



a*. 



«* &c 






y*. 



*» 



I* •! 



«• ** 



>' 



«* 



«* — / 

1(6 

s9 



#r6 &c* 



^4" 



ALGEBRA. ^97 

24* Here, in the two foregoing ezamplesi the qaotientai 
^bferve a certain law, which, if attended to, will enable us^ 
after obtaining a few terms, to extend the quotient toanyr 
leitgth without dividing further* Thus the firft quotient i$ 
14^4^^ ^a^j^^^ &c. Now, if we obferve, that in each term 
the power of a encreafes by unity, we may continue to add to 
the former quotient +fl'+tf*+tf'+a'+a* \ and fo on to infi- 
nity. 

The quotient, in the fecond example, may alfo be extended, 
by obferving that the powers of the numerators encreafe in the 
feries of the odd numbers, and thofe of the denominators in the 
Icries of the e§zxx numbers. 

25. To divide fradions, multiply the mimerator of the di« 
yifor by the denominator of thj ^videpd for the denominator 
of the quotient, and multiply the denominator of the divifor 
l>y the nun^erator of the dividend for the numerator of the 
quotient. If one of them be a whole quantity, it may l^ 
])rought into the form of a fra&ion by pladng i for its deno* 
fninator. 

Ex. tft, ad, 

a\bc/b^c ah\l^fcab^ ch 



3^* A^9 Sth. 

tf\ cj e e\ dfad 

7^1 V* m ic 



dfai 3ff\4r/i&r t6e 



MxampUt 
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£x. 1. Divide '^bc by 2at 

3. /^ac by be 

3. A^ — ** by a — b 

4. a * — ^a?b+'^ab^ — b^ by — i 

5. fl»+3a^*+3«*^+Pby^i+^ 

a 'ib^ 
8. -+— - by ab 

2b 2a 
p. fl^p^ by a^b^ 



INVOLUTION. 

26. Involution is performed by the fucceffive muhtpHcatioii 
of any quantity into itfelf* A quantity multiplied into itfelf 
produces the fquare of the fame ; and the fquare multiplied a- 
gain by the original quantity produces the cube of the fame ; 
and that cube again multiplied by the root gives the biquadra* 
tic power. And fo on. 

27. Simple quantities are involved by multiplying their ex* 
ponentsby that of the power, and prefixing a like power of the 
coefficient. Thus, the fquare of ^ is ^^ } the cube of &i is 
$\2a^. 

28. Pofiiive roots give pofitive powers ; but negative roott 
give pofitive and negative powers by turns* 



«• 
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29, Any two quantities connefted by the fign +, arc call- 
ed a Binomial i but if connefded by the fign — , a Refidual. 

Example L 

Required the fquare, cube, biquadratic; furfoJid, and fixth 
power of a+i. 

m+h=:TOOt* 
a+b 

a^+ab 
+ab+b^ 

a^+2ab+b^=iqu2ire. 
a+b 

a^+laH+ab^ 
+aH+2ab^+b^ 

a^+2aH+2ob^ +^3-:cubc. 

a+b 

a^+'iaH+^a^b^+ai^ 
+ aH+'ia^b^+^ab^+h^ 

fl4+4^3^^j2^2^^i3^4— biquadratics 

a+b 



a'+4a^b+6a b^+4M^b^+ab^ 
+ a^b+4aH^+6a^b^+/^b^+i' 

a « +sa^b+ ioa^b*+l oa^b^+^ab^+b * =furfolii 

a +b 

a'^+s'an^iOa^b^+loa^b^'\- Sa^b^+ ab* 

^i^+6fl'i+iSfl***+aofl3i3^iSfl^*'^4-6tf*^+**=6th power- 

Example 
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Example II. 



cquired the fquare, cube, and biqaadratic fowen of 






— aH+2ab'—B^ 

a^—2a^b+iab*—b^ 

a 



a^—^aH+ia^b^— ab^ 

30. It appears by reviewing thefe examples, that all the 
terms of the powers of a binomial arc pofitive ) but the terms 
of the powers of a refidual are pofitive and negative alternate- 
ly, the firft pofitive, the fecond negative j the third pofitive^ * 
the fourth negative ; and fo on, + and — • by turns. Alfo, 
that the fum of the exponents of a and £, in any of the inter- 
mediate terms, is equal to the exponent of the firft or laft 
term ; and that the exponent of the firft or of the laft term, is 
equal to that of the power. In tlie firft term h is wanting, 
and the power of a in every fucceedtng term decreafes regular- 
ly by 1 ; and that of h encreafes in each term by 1, until a dif- 
appean 
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The coefficient of the firft term is i : The coefliclcnt of the 
fecond term is equal to the exponent of the firft. One ^r more 
terms being found, the cofficient of the next fucceeding term 
may be difcovered in this manner : Multiply the exponent of a 
in the laft term by the coefficient of the fame ^ divide the pro« 
Au& by the number of terms already made up, and the quot 
will be the coefficient required. 

31. From thefe obfervations we may infer the following 
rule, commonly called the a+h^ or the Binomial Theorem, by 
which we may involve cither a binomial or a refidual root to a 
power of any dimenfion. 

. Rule 

ifl, To find the firft term of the power. 

Multiply the exponent of a in the root by that, of the power^ 
for the firft term of the power required. 

2d, To find the fecdnd term of the poweTm 

Multiply the exponent of a in the firft term by the coefficient 
of the fame, divide the produft by the number of terms alrea- 
dy found : the quotient will be the coefficient of the fecond 
terra of the power ; then diminiih the exponent of a, and en- 
creafe the exponent of 3, each by i, for the fecond term. 

3d, To find the third term of the power* 

Multiply tl{e exponent of a in the fecond term by the coeffi- 
cient of the fame $ divide the product by 2, (the number of 
tferms already found) -, the quotient gives the coefficient of the 
third term j then dccreafe the exponent of a in the fecond term, 
and encxeafe that of h in the fame, each by unity, for the third 
term. 

3 F 4tli* 
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4th, To find ihi fourth term. 

Multiply the exponent oia in the third term by the cocfficIcTit 
of the fame; divide the produdi by 3, (the number of terras 
already found) ; the quotient is the coefficient of the next 
term ; then take off a power of a and bring on a power of ^, 
for the fourth term of the power complete : Conrinuc this pro- 
cefs till all the powers of a are exhaufted, and tlie power of h 
be equal to that of the power required. 

« 

EVOLUTION. 

*32. Evolution is the operation by which roots are difcoyer- 
ed, and is always oppofed to Involution. 

Roots are quantities by whofe fuccefiive multiplication given 
powers are produced. 

33. The roots of fimple quantities are extra£):ed} by divi« 
ding the exponent of the power by tlie exponent of the rootro* 
quired. Thus, the cube root of a^ is /j, of U^ is 2^*. 

The reafon of this is deduced from $ 27. 

34. Rules for extra£ling roots of compound quantities are 
jdeduced from a review of the fteps by which they are involved. 
Thus, the fquare gf ^+i is «^+2«^-{-A* ; that is, the fquare of 
any two <}uantities is equal to the Tquares of each of the quan- 
tities, together with twice their produft. See Euclid^ Book 2d, 
propofition 4th, Therefore when a quantity is propofed, whofe 
fquare root is a compound quantity, you are firil to airange the 
terms as taught in divifion, (§ 22.) 

Thus, Let the fquare root of « *+2a^+i^ be required. 



a* 



2ab+h^ 



-^i 
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We will now proceed to lay down fomc rules for extraftmg 
the roots of numbera. 
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KvUEsJor extraBing thefquare root* 

I.Divide the given number into periods of two figures, 
reckoning from the unit's place. 

!!• Find the greateft root contained in the left ha%d period, 
and place it as the firil figure of the root : SubtraA its fquare 
from the faid period, and to the temainder bring down the 
next period for a refolvend. 

in. Double the firft part of the root for the firft part of the 
divifor, and enquire how often this part is contained in the re- 
folvend, negleding the right hand place ; the quot gives the 
next figure of the root. 

IV. Annex the quotient alfo to the divifor, and multiply this 
number by the quotient ; fubtradi the product from the refol- 
vend, and to the remainder, if any, bring down the next peri- 
od for a new refolvend. 

V. Ufe the laft divifor for the firft part of a new one, doub* 
ling the right hand figure \ then proceed as before. 

Note, Every period gives a figure in the root. 

Ex. I. Required the fquare root of 2025* ' 

2025(45 root. 45 foot, 

r6 45 

85) 425 refolvend. 225 

4^5 180 



^p""*- 



o 2025 proof* 

Here enquire for the greateft root contained in the firft pe- 
riod 20, which is 4, then place it as the firft figure of the root, 
and fubtra£t its fquare (16) from 20 ; to the remainder 4 an- 
nex the next period 25 for a refolvend ; then divide 42<neglc£l- 

ing 
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tng the 5) by twice 4 or 8, and place the quotient 5 in the 
root ; alfo annex it to 89 and multiply this 85 by 5, the laft fi- 
gure of the root* And fubtrad this produ^' from the re- 
felvend ; and fince there is no remainder, 2025 is an exaA 
fquare, of which 45 is the root. 

Ex. 11. Required the fquare root of 58264. 

58264(241.37- 
4 

44) » 8^ 

176 



481)664 
481 



14469 

48267)383100 
33786 9 

45231 rem. 

37. If, after the given number is exhaufted, there be a re- 
mainder, annex periods of cyphers thereto, and continue the o- 
peration till the decimal part of the root terminate, repeat or 
circulate, or till you think proper to limit it. 

38. Rules /or extroBing the fquare root of vulgar froBions or 

mixt numbers* 

■ 

Extrad: the iquare root of the numerator and af the denomi- 
nator for their refpcftive terms of the root required. Thus the 

25 5 

iquare root of is — . Or, 

36 6 * 

39- 
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39. If Uie numerator and denominator {^ the fra^Uon proc 
pofed be not complete powers, place the fquare root of their 
produ£t over the given denominator and reduce this new frac- 
tion tQ its lowed terms for the fra^ional root required. Thusj 

25 X 36 =900 ^900 30 5 

— T- — and = •* =~ as before. Or, 

^6 I 36 36 36 6 

40. Reduce the fraftion to a decimal, and eztrad its fquarc 
root. Thus, 



s:.694i6 and ^^69416 =..83=r- 

41. In mixt numbers it will be beft to reduce the fra£lional 
part to a decimal, to which prefix the integral part, and extra£^ 
the fquarc root of the whole. Thus, 



i2j=3i,orrathcr, ^2.^2=3-5 



Extraction of the Cube Root. 
Required the cube root oi a^+ja^ b+j^^ +'*• 

^3 



3/1^^+3^^^+^^ 



Tho 
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42* The foQawing ru\c% ate infefred from the foregoing o* 
peration* 

RULES. 

I. Divide the given number into periods of three places, W^ 
ginning at the unit place ; each period gives a figure of the 
root. 

II. Find the greateft cube root of the fixtt period, and place 
it as the firft figure of the root ; fubtra£t its cube trom the firft 
period, and to the remainder annex the next period for a refold 
vend. 

III. To three times the fquare of the fir (I part of the root 
annex two cyphers for the firft part of the divifor. 

IV. Enquire how often this nufnber is contained in the le* 
folvend, and place the refuk as the next figure of the root. 

V. To the produ^i of tlie firft and fecond parts of the root 
annex a cypher for the fecond part of the divifor, and (quavi^ 
the laft part of the root for the remaining part of the divi(or : 
the fum of thefe three parts will be the divifor complete. 

VI. Multiply this fum by the lail part of the root, aiid fub- 
tra£l the product from the refolvend : if there be more periods^ 
annex the next to the remainder^ and proceed as before. 

If, after all the periods are ufed, there happen lo be a re* 
roainder, annex periods of cyphers as before direded, $ 27. 

ExAMPLB. Required the cube root of 15625* 

15625(25 
8 

7625 



3^^+0+0=1200 
3a^+o= 300 

* 5 7625 



i*M 



3a'i+2ah^+i* 



43 
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43. The number of cyphers annexed to the firft part of the 
dlivifor is lefs by unity than the exponent of the power propo^ 
fed i for 2=a, the firit part of the root, (in regard another fi- 
gure is to follow) occupies the place of tens, it is therefore e- 
qual 20' Hence it is plain, that 30^ or 20^X3=1200, the 
firft part of the divifor ; and Cnce 5=^, that 30^, or 3 X 20X5 
=300, the fecond part of the divifor; alfo that3^=5*^25, 
the laft part ; likewife that the firft part of the root is confider- 
.ably greater than any other figure. 

44* The reafon of the rule will appear, if we take .the cafe 
where the root confifts of 2 places a+i. Let the given num- 
ber be rcprefentcd by a^+'^a^b+2^^+^* » and if we place j, 
the cube root of a^, in the rotot, and fubtra£l a^ from the given 
number, the remainder or refolvend will be 3^*^+3^^^+^*^; 
aird fince it has been (hewn, that a in the root is confiderably 
greater than ^, it will follow that 3^1^^, the firft part of the re- 
folvend, will be the greateft part of it. If, therefore, 30^3 be 
divided by 3^^, it will quot ^, the other part of the root fought, 
by the help of which the divifor may be completed ; but fince 
all the parts of the divifor are multiplied by the laft figure of 
the root, the divifor will be 3a^+3a^-J"^^3 which is obtained 
by dividing each term by i. 

N. B. If the root confifts of more than two places, a repre- 
fents all the places found 5 and, by repeating the operation for 
a new divifor, the other part i may be found as before ; and 
foon. 



Example 
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Example 2. What is the cube root of 99252847 



99252847(463 
64 



The divifor. 
3fl"+3ab+3^ 

3^^+0+0=4800 35252 

3^3+0=: 720 

'^X 3/1* =:i/i3+3* =5556X6= 33336 



40=^ & 6=3 



30^+0+0=634800 

3^3+07 4140 

32= 9 



1916847 now 46ostf & 3=3 



3x3tf*+3^i3+32=638949X3 =1916847 



J 



Epample 3. Required the cube root of .373248. 



14700 
420 

4 
151241X2= 



•373M8(-7^ 
343 

30248. 



30248 
o 



here 0=70 & 3=2 



In this exanriple the given ^number is a decimal, and deci- 
mals are pointed by beginning at the decimal point, and paiT* 
ing over as many places towards the right hand as there are u» 
nits in the exponent of the root required* 

45. General KuUfor extraEling any rooU 

Having divided the given number into proper periods, in- 
volve a like power of a-\-b with the number pro{5ofed. Put n 

3 G equal 



4l« 



ALGEBRAi 



equal to the exponent of the root. Place the value of a in the 
iroot^ and fubtraci the value of <i* from the firft period ; then 
expunge h out of every term of the refolvend. This will give 
^ general divifor that will anfwer a power of any dimenCon, 

Note, a*— » is always the trial divifor. 



{Required the biquadratic root of 1679616. 
The divifor is 453+6^24+4^4^+^5 





1679616(36 
8f 


4rt^=ro8ooQ 
Ca?-bzs. 32400 * 
4iiP= ^4320 
P= 216 


869616 


144936 X 6 = 


869616 



Required the furfolid root of 60466176, 

The divifor 5a* + r 0/1^4+ 10^^42+55^^+4* 





60466176(36 




243 


5«'* =4050000 
10534=1620000 


36166176 

r 


105*^^= 324000 
5^43= 32400 

4^= ^296 




6027696X6 = 


36166176 



Ktquired 
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Required the root of 887503681, being the fixth power. 
The divifor 6a^+iSa^b+2caH*+isa*i^+6ab^+lff 



6^^=145800000 
l5fl*^= iai5cooo 
20^3^'= 540000 
15^1'^*= 13500 

6ab^=z 180 

b'= I 



^7503681(31 
158503681^ 



158503681X2 = 15^8503681 



1 

o 



If the foregoing examples be well underftood, the Icanlef 
%irill be able to invefligate theorems for extracting higher roots; 
We will now -fubjoin a few mixt examples for praftice. 

Ex. I. Required the fquarc root of 144 /inf. 12 

2. 0^4^35 jinf,6Z. 

3. of 577^ Atif^Cu 

4. of 2985984 ' Anf, \']Z.% 

5. Required the cube root of 13824 Anf. 24. 

6. of 13312053 . Anf. 237. 

7. of 1906624 Anf, 124. 

8. of 34582249.512 ^^/ 3258 

9. biquadratic root of 66121 117378539877O1 Anf. 50709 
10 furfolid root of 33554432 Anf 32. 

11. the eighth root of 28 1 792 8o429i056 Anf 48 

1 2. the fquare root of 2 nearly Anf 1 .4 \ 42+ 
J 3. the cube root of 2 nearly Anf 1. 148699+ 

14. An army of 7744 men was drawn up in a fquare. Re- 
quired the number of men in each rank. Atf 88 men. 

3 G 2 15. 
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15. A maltfter had a round malt-kiln of 16 feet diametef^ 
but is to build a fquare one that will contain 3 times as 
much. The fide of the new kiln is required. 

Anf 24.5557 feet. 

16. The folidity of a fphere is 47016 cubic inches. Requi- 
red the fide of a cube whofe content is equal to it. 

Anf. 36 inches. 

46. PROPORTION. 

Wlien two quantities of the fame kind are compared, their 
relation or ratio is obtained by enquiring how often the firft 
contains the fecond. Thus, the ratio of 12 to 4 is 3 ; of 4 to 
3J* i^ J and of 3 to 8 is |, or .375. 

47. When four quantities, a, h^ r, rf, are proportional, it is 
ufually.expreifed by faying, the firft is to the fecond as the 
third is to the fourth ; ox^ a \bi \ c : J, and the^ quantities are 
faid to be in geometrical proportion. 

48. The quantity whofe ratio is enquired into is called the 
antecedent, and the quantity, with which it is compared, the 
confequent* 

4Q. The firft and third terms, a and r, are called antece- 
dents. 

The fecond and fourth, b and //, .are called the confequents. 
The firft and fourth terms, a and dj are called the extremes. 
The fecond and third terms, b and c, are called the means. ■ 

50. \fa\b:\c\d^ the produft of the means, is equal to the 
prod u£t of the. extremes, Euclid "vi^ 16. thi^sai/=^r. 

.5 1. If the produft of two quantities, ad^ be equal to the pro- 
duft of two others, bc^ the quantities are proportional, and 
a\b \ :c '.d,\ that is^ a fador of the firft is to a faQor of the 

fecond 
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fecond as the remaining fa£tor of the fecond is to the reinain- 
tng fa£lor of the fiiil* Euclid, vi» 16. 

be ad 

52. \i a ',h\:c: dy then — =Jand — = b\ that is, the pro- 

a c ' 

du£t of the means divided by either extreme quotes the other 

e^ctreme, and the produ£t of the extremes, divided by either of 

the means, quots tlie other mean. 

53. If /z : ^ : : r : </, they will remain proportionals under the 
following vaiieties. ' Euclid, y. Definitions. 

Thus, a : b : : c : d Componendo, a+b : b : : c-^-d : d 

Altcrnando, a : c : : b ;d Dividendo, a — b : b : : c^d : d 

Invertendoj b :a : : c i d Convertendo, a : a+b : :c : c+d 

In all thefe varieties, the produdl of the means is equal to 
that of the extremes. 

54. EQUATIONS. 

An equation is a propofition afTerting the equality of two 
quantities ; it is ufually exprefled by the fign=. Thus, 
2x6=12, 01 bd=u. 

55. AXIOMS. 

1. Quantities that are equal to one and the fame quantity 
are equal to each other. 

2. If equal quantities be added to eqi^l quantities the fums 
^rc equal. 

3. If equal quantities be taken frofn equal quantities, the re- 
mainders are equal. 

4. Quantities, 
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4. Quantities which arc double of the fame quantity are e- 
qual ; and the contrary. 

5. If equal quantities be multiplied by the fame quantity^ the 
{>Todu£ts are equal. 

6. If equal quantities be divided by the fame quantity, the 
quotes are equal. 

*}. Like powers of equal roots are eqoaL 
8. Like roots of equal quantities are equal. 

56. The value of an unknown quantity is found by changing 
the form of the equatipn till it fland alone on one (ide, and th^ 
known quantities on the other. But it frequently happens 
that the unknown quantity is varioufly combined with others^ 
and fo its value not eaCily jdifcovered. We (hall therefore lay 
down a few general rules for the folution of equations, an<( 
which depend on the foregoing axioms. 

Rules. 

1 . A quantity is faid to be tranfpofed, if it be taken from one 
fide of the equation to the other with the oppofite fign. Thus, 
2+4=6, and 4=6 — 2. Ax. III. 

2. If the unknown quantity be muhiplied by any other quan- 
tity, divide both fides of the equation by that other quantity. 

h 

Thus, if a^^by then *= — Ax» VI. 

a 

3. If the unknown quantity be divided by any other quanti* 
ty, multiply both fides of the equation by the divifor. Thus, if 

— =i, then x:=zab. Ax. V. 
a 

»4. If that member of the equation which involves the un- 
known 
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known quantity be a furd root» make diat noember ftand alone 
on one fide of the equation, remove the radical figni and raife 

the other fide to the correfponding power. Tbus, ^4*+^=^ ; 

then, ^4x=a — ^, by the rule ^z:za^ — 2ab+b^. Ax. VII. and 
VIII. 

5* If the fame quantity be found on both fides of the equa* 
tion, with the fame Cgn prefixed, expunge it from both. 

6.l{a:b::c:df an equation is obtaihed by aiferting the 
produA of the means equal to that of the extremes. 

Examples. I. 

A pcrfon being afked his age, anfwers, If to f my age yoU 
lidd triple my age, the fum will be 100. Required his age. 



Suppofe his age x years. 



s 



X 

Then f his age will be — 
And three times his age 2^ 

PC 

The fum of thefe is "~ + 3Af=ioo 

3 

By Rule 3d, x+gx^^^o 

m 

By addition, 10^7=300 

By Rule 2d, ^=30 years old. 

Example II. 

From London to Edinburgh, by the Carlifle road, is 399 
miles. A meflenger is difpatchcd irom Edinburgh, who tra- 
vels at the rate of 36 miles ^^ day : and, after fix days, ano- 
ther is difpatched from London to meet the former, who tra- 

' veU 
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vcls 25 miks pfr day. Required their diftance from London 
when they meet, and how many days will the latter take. 

Suppofe they meet in x days, then^ 

The firft travels 36*+ 2 1 6 

The other 2 5 a? 

Byqucft. 36^+2 16+25«=399 

6[x=i83 
Ar=3 days 
And 3 X 25=75 miles from London. 

Example IlL 
Suppofe a meflenger, who travels 33I miles ^^r day, is dif- 
patched, and after 8 days another is fent on horfeback to ovec- 
take the former, who rides 80 miles a day, how many days 
does each travel before the firft is overtaken ? 

Suppofe in at days. 

270=46.25* 

^=5.8377=5 d. 20 h. 6 m* 

Example IV. 
Suppofe the fun to proceed one degree per day in the ecclip- 
tic, and the moon 13°, and that the fun is in the beginning of 
Capricorn, and after three days the moon enters Arieai Re- 
quired the place of their next conjun£tion. • 

When the raooii enters Aries the fun is advanced 273*^ fronn 

Aries. 

^4*273=1 3x 22| days 

273=I2.Y 3 

22-1 =x days* 

253 

That is, the next conjunction will be in 25® 45' of Capricorn. 

EXAMPLSr 
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Example V. 



A merchant^ fending an adventure to fea, doubled his ftock ; 
by his fecond voyage he loft 1200I. ; by his third he doubled 
his remaining ftock, and by his fourth loft 1 200]. ; after which 
he had nothing left. Required his original ftock; 

Suppofe his ftock x pounds* 

By his I ft voyage, 2x 

— id voyage, 2»'^\26o 

— 3d voyage. 4X— 2400 

m ■■ 4th voyage, 4^^— 1 100—2400=0 per queft. 

4^=3600 
Ar= 900I. his original ftocL 

"When there arc two unknown quantities, the condition^ 
inuft be fuch as to afford two equations ; from each of thefe e-* 
quations exterminate one of the unknown quantities ; then 
form a new equation, by placing its values equal to one ano- 
ther. This hew equation contains only one unknown quanti- 
ty, and is refolved as before* 

EXAMPLB I. 

I 

Two men difcourfing of their money, fays A to B, give me 
4 fliillings and I fliall have three times as much as you have. 
B faid. Give me 6 ftiillings of yours, and each of us will have 
equal {hares. Required how mUch each had. 

■ 

Suppofe A had x and Tiy ftiiUings. 
j^fff. x=i20y andjre=:S. 

3 H Example 
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Example Ih 
Two travellers, A and B, met at an iftn. A alkcd B how 

■ 

far he had travelled. B anfwered, that he had travelled fo ma- 
ny miles and furlongs. Well, fays A, I travelled only half 
that diftance ; and the number of miles I travelled correfponds 
with your furlongs, and my fiiriongs with your miles. How 
far did each travel ? 

Let X reprefent the miles, y the furlongs* 

Then A travels 8x4-y 
and B Sy+x 

Sx+y 
By que^. =Sy+x 

2 

Sx+yszi6y+2x 

Ox^zi^y 
Therefore x : y : {ig : 6) 5:2 
B travels 5 miles 2 furlongs* 
^ 2 miles 5 furlongs. 

Example IIL 

[jTwo merchants, A and B, began trade with equal (locks ; 
but A, by frugality and application, gained 6cl. while B, 
through mifmanagemcnt and bad luck, loft Sol. At the year's 
end A was 8 times richer than B. Required their original 
(lock. jlfif lool. 

Quadratic Equations. 

When the fquare and the root of the unknown quantity arc 
joined together, it is called an adfe£led quadratic equation. 

Rule. 
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Rule; 

Tranfpofe the quantities till the unknown quantity (land on 
one fide of the equation. Divide both fides by the coefficient 
of the fquare of the unknown quantity. Add the fquare of one 
half the coefficient of the Gmple power to both fides of the e- 
quation. ExtrafI: the fquare root, and tranfpofe the half coef- 
ficient, which giyes the value of the unknown quantity. 



Example I. 
Required two numbers whofe fum ia 16, and produdi 48^ 

;>c=48 

y 

16— y=48 

y 

y2 — i6y=--48 
iVr Rule, y — 165^+64=16 
y^ — 16^+64=15 
y — 8=4 

>=8+4 



Required two numbers whofe produ£l is loSj and fum of 
their fquares 36^« 



2 H 2 Suppofe 
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Suppofe 96 the lefs and y the greater. 
xy:=zio% 

^2=360 — x^ 
360—^^=1 1664 

X* — 35o;v2= — , j55^ Subftitute z/or ;c^ 
^en, z* — 3602= — 1 1664 

2* — 3602+32400=20736 

z-r-i8o=:i44 V 

z=;c^=36 

X=:6 

Questions foe Practice. 

I* A man and his wife did ufually drink out a barrel of beet 

in 1 2 days ; and they found, by often experience, that the wife 

being abfent, the man drank it out in 20 days* In how many 

.days would the Vife alone drink it put at her rate of drinking ? 

jinf 30 days. 

2. Two fliips, A and B, loaded with the fame fort of wine, 
failing by a pafs, they were obliged to pay toll according to the 
quantity each had on board. A had 250 hoglheads, out of 
which^fhe paid i hogfliead, and 36 (hillings more. B had 400 
l^ogfheads, out of which (he paid 2 hog(heads, and received 
bstck 20 {hillings. Required at what rate the wine was valued 
fer hogihcad. jIn/. 4I. 143. 

Suppofe the minute and hour hands of a common clock to 

be 
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fat in conjandioOf inhow many hours will they be in conjanc* 
tion again? j^nf. In i^^ hour. 

4. Required two numbers, fuch that the quot of the greater 
divided by the lefler may be 2 lefs than their difference, anfi 
their produ£l may exceed their fun) by 20. jinf, 8 and 4. , 

5« A boy is offered 10 apples for a penny, and a; pears for 
2d : He agreed to buy 100 apples and pears together for p-^d. 
Required the number of each* jinf. 75 apples and 25 pears. 

6. Required two numl^ers lyhofe fum is 108, and proportion 
^ 5 tP 4* j^nf 60 and 48, 

LITERAL EQUATIONS. 

In literal equations ynkpown quantities are reprefented by 
^> y^ 2f 3S before ; known quantities by a^ by c^ d, &c. The 
rules for tranfpofing and exterminating quantities are the fame 
as above. When the value of the unknown quantity is thus 
^ifcovercd, we obtain a general theorem, which will fcrve for 
fhe folution of all queftions under the like conditions. 

Example I. 

Required a theorem^ for determining two numbers whoff 
fum, J-, and difference, J, are given. 

Let X be the greater and y the lefs- 

A?— r^=J And by exterminating r, the value 

Kz=:s — y ' of X will be /— d 

■ x=d+y 2 

Sr-y^d+y 

s+d 



T'' . 



h 
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In words.— ^From half the fum fubtradl h^ the differ- 
ence* the remainder will be the lefs. 

To half the fum ad4 half the diflereoce, the fum will be the 
greater, 

Ex. a. The pqwers or forces of three different agents being gi- 
ven> to find a general theorem for determining the time in which 
they would; all three together, produce a given tfkSt. 

Three day-labourers. A, B, and C, have undert;aken a piece 
of work, which A could perform in a days, B in 3 days, and C 
in ^ays. In what time will they perform it, if all the three 
work together ? 

Suppofe in X days« 

Then A's (hare. B*s. C's, 

a be 

X '^ ax "{-ax 

b 7 ^ "* 

hx + ax ^'\' box 

c 
chx + cax -|- box = abc 

abc 



ch'^^a-^ia 

The rule obtained may be tranflated thus. Divide the pro- 
dudl of the three given times by the fum of the produ£ts of 
each two taken feparately. 

3. Required a theorem for determinitig twonumberS) whofe 
fum (s) and fum of their fquarcs (q) are given. 

Anji 



4LGEBRA. 4^3 



Anf. is+ ^q is2 

Trant From half the fum of their fquarcs fubtraft i the 
fquare of their fum, and to the fquare root or the remainder 
add or fubtraft the half fum for the numbers requited. 

In like manner any other theorem may be tranflated. * 

4» Required a theorem for determining two numbers x and j, 
whofe produft, /, and proportion a to *, are given. 

jtnf, X the greater ^^ap 

1 

y the Icfs = ^/^ 



5 . Required a theorem for determining two numbers, x and j, 
whofe fum, f, andproportion a to by are given. 

AT 

AnA X the greater = — ^ 

bs 
y the Icfs = "TT" 

6. Required a theorem for determining twa numbers, x and j^, 
whofe fum, /, and produ£l, /, are given. 

Anf. ix+^ij*— ^ 

7. Required a theorem for determining two numbers, x and;', 

whofe proportion, a to ^, and ^e fum of their fquares, cubes, 

&c. arc given. ^ 

Let 
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htt n denote the exponent of the power. 



Anf. fc the greater z=y scf* 



*"+o» 



y the lefs ^ si^ 



h^+a* 



i. Re({utred a theorem for determining the time and place 

in which two bodies, moving towards each other, will meet^ 

their velocity, their diftance, and the difierence of the time of 

their firft motion, being giveri. 

Put a = the velocity of the one^ 

3 = the velocity of the other, 

d = their didance, and 

/ =: the tunc the one moves before the other. 

J—/ 
jfnf, = the time of their meetinj;. 

And the produ£l of the velocity of either body, multiplied by 
the time of its motion, will giVe the fpace pafled over, and coii^ 
feqiiently the place of meeting. 

GEOMfiTRICAL PROBLEMS* 

When a geometrical problem or queftion is propofed you 
are firft to conftru£t a figure reprefenting the true one j pre- 
pare the figure (if necefTary) by drawing more lines as you fee 
caufe, according to the method of folution you have chofen, 
that fo, by the help of thefe lines and mediums, you may deduce 
d conne£^ion between known and unknown quantities or lines. 
Then proceed to the operation as before dircfted, which, with 
a competent knowledge of Euclid's Elements, will be your 
guide i but the exaft manner of proceeding can fcarlely be re- 
duced 
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^uced to general rules^ but mufl: be colle£):ed hj a careful exa- 
mination of each ftepi affifted by pra&ice, 

PROBLEM!. 

Given the hypothenufe of a right-angled triangle, and £he fun) 
, of the fides, to find each of the fides. 



Euclid, 47. L a^=zx^+s* — 2JjJc-f X* A3=a 

AC=:;* 



fl2_ 


-s^ 


=2*^- 


— 2/X 






«2_ 


-s^ 


= *a- 


-XJ> 






2 


. 




fl»- 


^2 


/» 






.* 


2 




4 


or 


SX + 

rathe 


4 


ta^- 


-•j' 
a''^ 


r. 



Anf, 4./+ ^4.«^ i-f ^ . cither of thd legs. 



PROBLEM II. Fig. 1. 

t 

Given the hypbthenufe and the difference of the legs, to find 

the legs. 

AB=tf, AC=x, BC=*+</ 



3 1 PROBLEM . 
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PROBLEM in. Fig. I. 

Given the hypothenufe and the produft of the two legs, to 

find each of the legs. 

P 
Let AC=;^, and BC — , AB=a 

X 



V 



PROBLEM IV. Fig. k 

Given the hypdthenufe, and the proportiori of the two legs, td 

find each of diem. 

Pet qucft. X :y ::c:d, and AB=^y 



PROBLEM V. Fig. u 

Given one of the legs, and the fum of the hypothenufe and thd 
other leg, to find the hypothenufe and that leg. 

AB+BC=/,AC=rf,^CB /— ^-v 



d^ 



s 



urn *= — = 

2/ 



PROBLEM 
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PROBLEM VL Fig. %. 

To divide any given line» AB, into two fuch parts that the 
rejiangle, contained by the whole line and one of the parts^ 
(hall be equal to the fquare of the other part, 

AB=^i 
CB=^i — X 

Anf. a+ 5^* 
2— 4 

PROBLEM VIL 

Given the difference between the diagonal of a fquare ^.d one 
of its fides, to find the diagonal and the fide. 

Let d be the difi^rencc and x the fide. 

J;i/: xz=:d+^2d^ 

PROBLEM VIIL Fig. 1. 

Given the perimeter, and the area of a right-angled triangle, to 

find the hypothenufe. 

Let AB+BC+CA=2a 
Area =:i^ 
AB=,v 
AC+CB=2^i--* 

a^ — he 

Anf* 9i = " 

a 

3 I 2 PROBLEM 
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PROBLEM IX Ftg. 3. 



In the right-angled triangle, ABc, given the bafe AB, and the 
fum ot the perpendicular CD, and the fides BC and CA, to 
find the triangle* 



CA+CB+CD= 
AB=^ 
CD=x 
AC+CB= 



PROBLEM X. Fig. 3. 

Giren the perimeter of a right-angled triangle, an4 the peri 
pendicular upon the hypothenufe, to find the feveral fides. 

AB+BC+AC=x 

BD=:/! 



s^ 



Anf. The hyp. AC = = % 

2S+2p 



1 



I i.z*+'^iz*—z*p^ 



PROBLEM XI. Fig. 3. 

Given the fum of the fides of a right-angled triangle, and the 
perpeadtcular upon the hypothenufe, to find the hypothenufe 
and the other legs. 

AB 
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AB+BC=/ 



Anf' z s w^+f* — * 
The other fides may be found as in Frob. lo. <» bj EacL 8. rtn 
CorolL 

PROBLEM Xn. Fig. 4. 
In a given triangle to infcribe a fquar^. 
Let BC=(i 



^nf. • =*, the fide of the fquare. 



PROBLEM XIIL Ftg. y. 

Iq a given triangle, to infcribe a reftanglp of a given magni- 
tude. 



AD= 
HO= 



X 

'KD=x 
KA=ffl-^.v 



4nf. if + ^1^2 ics 



PROBLEM 
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PROBLEM XIV. 

The fides of a reAangle being given, to find the breadth of 9 
piece to be taken off half round the reftangle, and of an e-» 
qual Yf'idih, chat (hall take up juft half the re&angle. 

Let /=Iength, 
fcsbreadth, 
<i=the area, 
i=the fum of the fides, 
jp=their produdl, 
#r=the breadth required. 



Jfif, x= p ^s^ If the breadth. 



PROBLEM XV. Fig. 5. 

Given all the fides of a parallelogram, and one diagonal, to £04 

the other diagonal. 

Put DC=«, 
BA=* 
AC=J 
DB=Ar 



An/. x:=i "^la^+lb^—d^ 

PROBLEM XVI. Fig. 6. 

■ Given the chord of an arch, and the diameter of the circle, of 
which the arch is a part, to find the verfed fince, or the 
height of the archt 

Put 
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PutAB: 


=.za 






CF 


i 






CD 


X 






DF 


*-* 






See Euclid, 35 


.111. 






Anf. 




+ 


ii 



431 



If. B, The half of the diameter is to be added or fubtraAed 
bccprding as the arch is greater or lefs than a femicircle. 

PROBLEM XVII. Fig. 7. 

Given the folidity, depth, and the proportion of the head and 
bafe diametersj of the fruftum of a cone, to find the diameters^ 

Let X AB, 

y CD, 

^ d depth, 

s folidity ; 
And let a : b : : X :y\ 

s 
Alfo "~T ' fquare of the meati area* 

Subilitute m = 



pd 



V* 



Then the anfwer will be I "aTTaXli = J' *^* '*''*» 



\r 



nta^ 



,2+i2+ab = * *e £'«««'• 
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